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Chapter  1— Introduction  and  Executive  Overview 

1.1  introduction 

The  overarching  focus  of  this  project  was  on  the  "Representation  of  Non-visual  Stiinuli  as  a 
Precursor  to  Mannequin  Stimulation  over  the  Internet".  As  is  evident  from  the  title,  the  work  of  this 
project  involved  the  preliminary  background  effort  that  is  necessary  in  order  to  protot\^e  the 
stimulation  of  a  mannequin  in  a  distributed  setting.  ( Prototyping  was  planned  for  the  Phase  II 
stage.)  What  is  not  clearly  communicated  by  the  title,  but  what  is  no  less  an  important  component 
of  the  intended  effort,  is  the  machinery  of  the  HLA  is  to  be  utilized  in  reaching  the  prolonging 
stage. 

The  mannequin  in  question  is  a  medical  mannequin  that  has  the  fidelity  to  be  used  as  an 
instructional  tool  in  medical  schools  throughout  the  United  States.  Of  course,  development  must 
be  done  in  order  for  the  mannequin  to  recognize  any  communications  that  are  through  the  HLA 
conduits. 

This  preliminary  Phase  I  effort  has  been  theoretical.  The  nature  of  stimuli  and  the  question  of  how 
to  characterize  stimuli  in  terms  of  their  respective  effects  on  human  physiology  have  been 
investigated.  Even  the  question  of  the  choice  of  which  stimuli  to  include  is  predicated  upon  their 
ability  to  evoke  a  reaction  from  the  human  physiological  system.  Ramifications  of  decisions  as  to 
the  boundaries  between  the  modeling  of  a  stimulus  and  the  modeling  of  its  effect  in  the  human 
physiological  system  have  been  investigated.  The  separation  of  stimuli  into  the  simple  and  complex 
categories  was  the  result  of  certain  of  these  investigations. 

Constraints  on  the  modeling  of  human  physiological  systems  arise  from  the  requirement  that  the 
functionality  should  be  reproduced.  Moreover,  the  features  of  the  physiological  systems  modeling 
should  include  clinical  quantities  which  are  so  important  to  the  functioning  of  the  mannequin.  In 
this  Phase  I  effort,  the  focus  of  the  modeling  effort  has  been  to  capture  the  behavior  and  the 
functionality  of  the  respiratory  system  and  the  cardiovascular  system. 

The  Object  Model  Template  component  of  the  High  Level  Architecture  serves  to  organize  the 
modeling  of  both  the  stimuli  and  the  human  physiological  systems,  as  well  as  their  methods  of 
interacting.  It  does  this  through  the  structme  of  the  Simulation  Object  Models;  with  separate  SOM' 
s  constructed  for  the  stimuli  modeling  and  for  the  physiological  systems  modeling.  The  structure 
of  the  ultimate  interoperation  of  different  simulations  is  given  in  a  Federation  Object  Model,  or 
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FOM.  In  the  context  of  two  simulations,  the  stimuli  simulation  and  the  physiological  simiilation, 
their  interoperating  could  be  expressed  in  a  "human  response  to  stimuli"  federation. 


Underscoring  the  theoretical  nature  of  Phase  I  is  the  nature  of  the  deliverables  in  this  phase.  They 
include  the  development  of  separate  simulation  object  models  (SOM's)  for  both  the  stimuli 
simulation  and  the  physiological  simulation.  The  development  of  such  object  models  precedes  any 
code  development  for  the  respective  simulations.  (The  code  development  segment  was  planned 
for  Phase  II.)  Also  included  is  the  development  of  the  Federation  Object  Model  (FOM)  for  a 
federation  which  involves  the  interoperating  of  the  two  simulations  represented  by  the  SOM's. 
Along  with  the  FOM  is  a  description  of  certain  scenarios  which  illustrate  the  interoperation 
between  the  two  simulations  in  the  federation. 

In  addition  to  the  work  leading  up  to  the  deliverables  for  Phase  I,  some  effort  was  directed  towards 
looking  into  implementation  issues  and  extensions.  This  involved  the  more  generic  issues  of 
distributed  simulation  and  effects  on  a  running  federation.  Also,  a  possible  extension/ relationship 
of  certain  stimuli  to  environmental  data  was  explored  in  the  context  of  the  state  of  the  art 
environmental  models. 

A  general  discussion  of  the  object-oriented  methodology  used  in  the  development  of  the  simulation 
object  models  (SOM's)  is  presented  in  Chapter  2.  Although  the  High  Level  Architecture  violates 
some  of  the  standard  object-oriented  behavior  and  constructions,  it  incorporates  others.  The 
development  of  the  Stimuli  SOM  and  the  Physiological  SOM  proceed  without  any  legacy  system 
giving  guidance.  In  this  situation,  the  object-oriented  methodology  is  extremely  helpful  in  guiding 
the  development  of  the  models  (SOM's).  The  relevant  techniques  are  presented  in  Chapter  2. 
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At  the  start,  it  was  found  that  the  conceptual  space  for  the  modeling  segments  of  this  project 
needed  to  be  narrowed.  A  conceptual  space,  which  would/ should  encompass  the  Stimuli  modeling 
and  the  Physiological  modeling,  had  to  be  developed.  This  was  done  without  input  from  any 
legacy  system  or  reference  FOM,  and  is  discussed  in  Chapter  2.  However,  the  possible  future  need 
of  a  reference  FOM  is  discussed  in  Chapter  6  (extensions).  Finally,  the  process  of  developing  the 
Object  Model  Templates  from  the  HLA  standpoint  is  presented. 

The  development  of  the  Physiological  simulation  object  model  is  addressed  in  Chapter  3.  The 
rationale  behind  the  development  of  the  specific  object  classes  is  discussed.  The  role  of  attributes 
in  communicating  the  modeling  capabilities  cannot  be  overstated.  Hris  chapter  includes  a 
discussion  of  the  attributes,  and  the  resulting  functionality  in  the  modeling.  Interactions  were 
identified  through  the  use  of  event  trace  diagrams.  Examples  of  these  are  presented  prior  to  the 
subsection  on  interactions.  The  interactions  of  the  Physiological  SOM  are  covered  in  this  Chapter. 
An  additional  section  on  "integration"  of  the  modeling  segments  in  the  SOM  was  found  to  be 
necessary,  and  is  included  in  this  chapter. 

Issues  related  to  the  development  of  the  Stimuli  SOM  are  covered  in  Chapter  4.  These  include  the 
fundamental  issue  of  scalabilty  that  arises  in  the  discussion  of  the  boundary  between  the  stimuli 
simulation  and  the  physiological  simulation.  This  involves  how  much  information  the  stimuli  SOM 
has  or  should  have,  how  much  it  should  acquire,  and  what  quantities  it  should  be  responsible  for 
calculating.  The  object  identification  process  is  presented.  It  is  in  the  discussion  of  the 
"Informational  Attributes"  that  the  linkage  of  the  stimuli  to  the  recipient  human  physiological 
system  is  developed.  This  chapter  also  addresses  the  case  of  "simple"  versus  "complex"  stimuli.  It 
is  the  cases  of  simple  stimuli  which  are  developed  in  the  Stimuli  SOM.  A  discussion  as  to  how  a 
future  effort  could  incorporate  complex  stimuli  is  presented. 

Chapter  5  presents  the  Federation  Object  Model  for  the  intended  federation:  "Human  Response  to 
Stimuli".  This  object  model  template  component  is  presented  in  two  versions.  These  separate 
versions  are  motivated  by  separate  views  of  what  additional  federates  might  participate  in  the 
"Human  Response  to  Stimuli"  federation.  The  scenarios  for  this  federation  are  presented  in 
Chapter  5.  Through  these  scenarios,  some  of  the  simulation  capabilities  of  the  federation  are  made 
explicit. 

Potential  extensions  to  the  Phase  I  effort  are  listed  in  Chapter  6.  Part  of  the  extensions  center 
around  the  mannequin,  and  requirements  of  interfacing  to  FILA.  During  the  course  of  this  Phase 
I  effort,  it  was  found  that  a  project  involving  the  development  of  a  "Medical  Federation”,  which 
involved  a  mannequin,  was  already  underway.  Results  from  this  project  are  referenced.  Other 
extensions,  not  necessarily  involving  the  mannequin,  are  presented. 
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From  a  usage  standpoint,  simulation  applications  of  the  Stimuli  federate  in  the  "Human  Response 
to  Stimuli"  federation  might  involve  interoperating  with  an  environmental  federate  or  a  weather 
federate.  One  such  example  is  given  in  Chapter  6.  A  possible  usage  for  the  "Human  Response  to 
Stimuli"  federation  might  be  as  a  link  between  the  aggregated  forces  and  the  individual  combatant. 
The  physiological  system  could  represent  the  state  of  the  individual  combatant. 

Whether  or  not  the  mannequin  (hardware)  is  in  the  (simulation)  loop,  the  "Human  Response  to 
Stimuli"  federation  would  most  likely  be  run  in  a  distributed  manner  for  many  applications.  For 
example,  educational  applications,  involving  the  virtual  human  physiological  system,  could  be 
implemented  in  a  distributed  manner.  The  distributed  network  could  be  the  Internet.  In  fact, 
distributed  education  over  the  internet  has  been  cited  as  a  future  application.  One  such  application 
could  involve  the  effects  of  medical  drugs  as  stimuli.  Chapter  6  contains  a  brief  discussion  of 
distributed  simulation  issues  and  of  the  role  of  HLA  in  simulations.  In  order  to  develop  the 
Physiological  SOM  to  its  fullest  potential  and  to  aid  in  identifying  the  new  applications  and 
potential  users,  it  is  suggested  that  the  Physiological  Reference  FOM  be  developed.  The  discussion 
of  HLA  in  the  context  of  educational  context  is  done  in  terms  of  the  reference  FOM. 

1.2  Summary 

The  results  of  this  project  are  the  Object  Model  Template  tables  which  are  found  in  the  Apperidices. 
Note  that  the  Object  Model  Template  forms  one  of  the  components  of  the  High  Level  Architecture 
(HLA).  Simulations  that  are  developed  under  the  auspices  of  the  Department  of  Defense  are 
required  to  be  HLA  compliant.  The  tables  which  comprise  a  simulation  object  model  (SOM)  or  a 
federal  object  model  (FOM)  are  those  in  a  standardized  list  defined  in  the  Object  Model  Template 
specification  document. 

Prior  to  any  software  implementation  of  a  simulation  showing  how  the  human  body  responds  to 
certain  stimuli,  it  is  necessary  to  develop  the  theoretical  models  which  give  the  simulation  its 
structure.  The  human  body  may  be  represented  by  a  mannequin,  or  it  may  be  virtual.  The  network 
connecting  the  Stimuli  federate,  which  is  the  software  implementation  of  a  stimuli  generator,  may 
be  the  Internet  or  it  may  be  a  local  area  network.  This  effort  is  concerned  strictly  with  the 
development  of  the  theoretical  models,  whose  structure  must  be  compatible  with  the  Object  Model 
Template  structure.  Of  course,  a  consideration  of  future  utilization  plans  and  of  implementation 
issues  even  at  this  theoretical  development  stage  helps  to  not  only  set  the  bounds  of  the 
development  but  also  results  in  a  more  robust  development. 

One  of  the  first  steps  in  the  development  of  the  theoretical  models  was  to  bound  the  simulation. 
A  stimvdus  was  defined  to  mean  that  which  could  evoke  a  physiological  response  from  a  human. 
This  is  clearly  stiU  too  broad,  so  the  parameters  of  the  mission  space  were  further  tightened. 
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Ultimately,  the  selection  of  stimuli  was  confined  to  those  which  evoke  a  response  from  the 
respiratory  system.  In  a  similar  manner,  the  modeling  of  the  human  body  response  was  confined 
to  the  cardiovascular  and  respiratory  systems  (and  supporting  medulla  centers).  The  factors 
involved  in  narrowing  the  focus  of  the  conceptual  space  are  discussed  in  Chapter  2. 

During  the  course  of  this  project,  a  Stimuli  SOM,  a  Physiological  SOM,  and  a  "Human  Response 
to  Stimuli"  FOM  were  developed.  The  Stimuli  SOM  and  the  Physiological  SOM  represent 
simulation  object  models  which  convey  the  nature  of  non-visual  stimuli  which  affect  the 
respiratory  system,  and  the  cardiovascular  and  respiratory  systems  in  the  human  body, 
respectively.  Each  SOM  contains  object  classes,  attributes,  interactions,  and  parameters  which 
model  its  domain. 

Object  oriented  techniques  were  used  to  elucidate  the  structure  of  the  SOM's.  Certain  base  classes 
in  the  Physiological  SOM  are  organized  according  to  mechanical  engineering  t3rpe  classifications. 
The  interactions,  listed  in  the  Interactions  Table,  of  the  Physiological  SOM  represent  the  events 
which  take  place  between  or  among  various  of  the  objects.  Such  interactions  model  the 
physiological  functions  in  the  respiratory  and  cardiovascular  systems. 

Even  though  it  is  the  smaller  of  the  two  SOM's  developed  in  this  effort,  the  development  of  a 
representation  scheme  for  non-visual  stimuli  was  quite  challenging.  Also  at  issue  was  the  matter 
of  where  to  demarcate  physiological  objects  and  stimuli  objects.  Should  there  be  overlap  in  objects 
belonging  to  each  of  the  SOM's?  Recall  that  a  stimulus  is  a  stimulus  precisely  because  it  evokes  a 
response  from  the  body.  This  involved  issues  of  scalability.  Ultimately,  a  standardized 
representation  for  stimuli  was  developed,  based  upon  "informational  attributes".  The  complex 
datatypes  feature  of  the  Object  Model  Template  was  critical  in  developing  these  attributes. 
Moreover,  consideration  of  the  data  structures  led  to  the  classification  scheme  of  "simple"  versus 
"complex"  stimuli.  Only  simple  stimuli  are  represented  in  the  Stimuli  SOM. 

Two  versions  of  the  "Human  Response  to  Stimuli"  Federation  Object  Model  were  developed.  (See 
the  Appendices  for  details.)  In  the  first  version  of  the  FOM,  the  physiological  details  are  hidden. 
The  second  version  of  the  FOM  is  essentially  a  union  of  the  Stimuli  SOM  and  the  Physiological 
SOM.  It  is  the  second  version  which  would  be  utilized  in  distance  education  applications.  Scenarios 
to  accompany  the  FOM  were  developed. 

1.3  Conclusion 

A  number  of  technical  issues  arose  during  the  course  of  simulation  object  model  and  federation 
object  model  development.  These  issues  and  the  manner  of  their  resolution  are  found  in 
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abbreviated  form  in  the  preceding  summary  and  in  detail  in  appropriate  chapters  of  this  report. 
They  are  not  repeated  here. 

The  overall  conclusion  is  that  an  HLA  compliant  software  implementation  of  "Human  Response 
to  Stimuli"  federation,  based  upon  the  FOM's  which  were  produced  in  this  work,  can  now  be 
developed.  This  stimuli  are  restricted  to  the  category  of  simple  stimuli. 
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Chapter  2-^ethodology  used  in  the  development  of  the 
Simulation  Object  Models  (SOM's):  General  Comments 

This  chapter  discusses  the  general  methodology  that  was  utilized  in  the  development  of  the 
Simulation  Object  Models.  Such  a  methodology  was  applied  to  both  the  Stimuli  and  Physiological 
SOM's.  In  brief,  certain  techniques  from  object-oriented  development  methodologies  were  utilized, 
subject  to  constraints  imposed  by  the  requirements  and  restrictions  of  the  High  Level  Architecture 
(HLA). 

The  development  of  both  SOM's  has  proceeded  without  input,  or  constraints,  of  any  specific  legacy 
system.  In  a  typical  usage,  the  "owners"  of  various  simulations  will,  when  developing  a  Federation 
Object  Model ,  utilize  the  SOM  to  indicate  the  capabilities  of  their  respective  simulations.  However, 
the  SOM  developments  in  this  project  have  been  done  prior  to  any  software  implementation.  Thus, 
both  the  Stimuli  SOM  and  the  Physiological  SOM  reflect  the  capabilities  that  are  intended  to  be  in 
a  future  software  simulation  implementation. 

2.1  HLA  Object  Model  Development 

I 

A  recent  paper  by  Lutz  [1997]  details  the  HLA  object  model  development  from  a  process  point- 
of-view.  This  paper  had  as  one  of  its  stated  goals  "to  suggest  a  generic,  cookbook  approach  to  the 
development  of  HLA  object  models".  It  is  primarily  assumed  that  the  object  classes  are  known,  and 
merely  have  to  be  interrogated  as  to  publishing  capabilities  and  then  cast  into  the  correct 
framework  in  order  to  be  HLA  compliant.  Of  course,  such  a  situation  is  not  the  case  with  either  the 
Physiological  SOM  or  the  Stimuli  SOM. 

V^th  regard  to  simulation  object  development.  Lutz  acknowledges  that  "having  working  software 
or  even  software  design  is  not  a  prerequisite  for  SOM  construction.  In  fact,  completing  a  SOM  prior 
to  detailed  simulation  design  is  considered  advantageous. ...  Since,  however,  a  SOM  is  intended 
to  provide  a  specification  of  the  current  capabilities  of  a  given  simulation  system,  SOM's  should 
not  be  made  public  until  the  functionality  specified  in  the  SOM  has  been  fully  instantiated.  "The 
paper  then  proceeds  to  discuss  determination  of  the  Publishing  Capabilities  for  the 
Object/Interaction  Classes,  under  the  unstated  assumption  the  classes,  which  will  be  in  the  SOM, 
have  been  identified. 

This  is  a  very  cogent  and  useful  paper.  It  informed  the  process  of  hosting  the  Simulation  Object 
Models  in  the  HLA  compliant  Object  Model  Template  format,  and  offered  insight  into  the 
component  structures  of  the  Object  Model  Template.  (We  discuss  this  in  the  last  sub-section  of  this 
chapter.)  However,  there  is  a  missing  segment  in  the  development  of  the  Simulation  Object  Models 


Chapter  2 — Methodology  used  in  the  development  of  the  Simulation  Object  Models  (SOM's): 
General  Comments  Topic  Number  OSD97-005 

from  first  considerations.  This  missing  segment  pertains  to  the  exploration  of  the  conceptual  space 
in  which  the  Simulation  Object  Models  should  reside. 

2.2  Conceptual  Space  of  the  Simulation  Object  Models 

In  the  development  of  both  the  Stimuli  SOM  and  the  Physiological  SOM,  the  domain  in  which  the 
simulations  were  to  be  developed  had  to  be  defined.  Although  the  development  of  both  Simulation 
Object  Models  in  a  parallel  manner  without  any  restrictions  imposed  by  legacy  simulations,  allows 
one  to  maximize  the  logical  inter-connections  between  the  simulations,  it  also  requires  that  initial 
attention  be  given  to  the  conceptual  space  in  which  the  simulations  will  reside. 

The  envelope  of  conceptual  space  of  the  Physiological  SOM  is  the  human  body  and  its  functioning. 
The  focus  is  on  the  functioning  of  the  human  body  as  represented  by  (an  eventual  Phase  II 
implementation  of)  the  Physiological  SOM.  The  respiratory  and  cardiovascular  systems  were 
chosen  to  be  represented  in  the  Physiological  SOM.  (Other  systems  can  be  included  in  an  extensible 
manner  should  the  need  arise.)  In  addition,  the  areas  of  the  brain  which  govern  these  systems  (in 
the  medulla)  were  included.  Several  reasons  motivated  this  selection.  First,  the  basic  systems  of  the 
body  are  the  respiratory  and  the  cardiovascular  systems.  The  body  cannot  exist  for  even  one  sixth 
of  an  hour  without  oxygen,  a  far  shorter  time  period  than  it  can  do  without  water  or  food. 
Secondly,  there  are  stimuli  of  interest  whose  primary  effect  acts  on  these  systems  directly  or 
indirectly.  Such  stimuli  include  smoke,  noxious  gases,  and  particulates.  These  stimuli  also  exist  in 
the  conceptual  space  defining  war-fighter  activity.  Finally,  commercially  available  mannequins, 
which  simulate  htunan  patient  behavior,  have  modeled  primarily  these  systems. 

That  is  not  to  say  that  the  Physiological  SOM  development  is  tied  to  any  specific  mannequin 
hardware.  Rather,  the  Physiological  SOM  was  designed  without  restriction  to  any  mannequin 
hardware.  Serious  attention  was  given  to  include,  in  the  attributes  the  quantities  which  are  needed 
by  the  mannequin.  A  telephone  discussion  was  held  with  the  chief  engineer  at  M.E.T.I.,  and  key 
quantities  were  identified.  Since  the  mannequin  will  respond  to  inputs  from  clinical  monitors,  the 
incorporation  of  relevant  clinical  quantities,  as  attributes  in  the  Physiological  SOM,  became  %'ital. 

The  Physiological  SOM  goes  beyond  the  mannequin  requirements  into  the  realm  of  the  "virtual 
patient".  That  is,  the  physiological  details  of  the  human  respiratory  and  cardiovascular  systems 
have  been  captured  in  the  SOM.  Specific  discussions  of  the  level  of  resolution  selected  and  issues 
of  fidelity  are  deferred  until  the  chapter  specifically  pertaining  to  the  Physiological  SOM.  For 
purposes  of  distributed  simulation  and  distance  learning,  a  software  implementation  of  the 
Physiological  SOM,  which  represents  a  "virtual  patient"  (planned  for  Phase  ID,  would  be  quite 
useful. 
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Selection  of  a  focal  point  for  the  development  of  the  Stimuli  SOM  has  been  guided  by  the 
viewpoint  that  a  stimulus  is  that  which  evokes  a  response  in  the  human  body.  Of  the  universe  of 
possible  stimuli,  the  focus  is  narrowed  to  those  which  affect  the  human  body.  It  is  further  narrowed 
to  a  set  of  stimuli  which  can  affect  the  respiratory  and  cardiovascular  systems 

2.3  Simulation  Object  Model  Limitations 

Note  that  the  SOM's  are  not  a  software  design  document.  All  the  information  necessary  to 
construct  a  valid  software  implementation,  reflecting  the  SOM  capabilities,  is  not  present.  Missing 
is  the  set  of  information  on  which  objects  utilize  information  published  by  other  objects.  While  in 
some  simulations  this  might  be  deduced  at  first  glance,  this  is  not  the  case  in  situations  where  the 
simulation  in  question  models  very  technical  systems.  Also,  any  system  whose  overall  behavior 
is  the  product  of  interacting  subsystems  will  likely  evidence  a  level  of  complexity  beyond  what  can 
be  deduced  by  a  listing  of  individual  object  classes  and  objects. 

2.4  Object-Oriented  Techniques  Utilized  in  the  Simulation  Object  Model  Development;  Subject 
to  HLA  Restrictions 

There  exist  a  number  of  standardized  approaches  to  developing  an  object-oriented  representation 
of  a  designated  system.  Implicit  in  the  design  of  an  object-oriented  representation  of  a  system  is 
the  ultimate  intent  to  implement  the  system  in  software,  most  probably  using  an  object-onented 
language  such  as  C++  or  Smalltalk. 

The  last  dozen  years  has  seen  an  explosion  in  object-oriented  analysis  and  design  methodologies. 
Various  approaches  have  been  detailed  in  Coad  and  Yourdon[1991],  Coad,  North,  and  Mayfield 
[1995],  Martin  and  Odell[1996],  Rumbaugh,  Blaha,  Premerlani,  Eddy,  and  Lorenzen  [1991],  and 
Shlear  and  Mellor  [1989].  Fowler  [1997],  points  out  that  many  of  the  object-oriented  design 
methods  in  use  throughout  the  last  decade  have  a  large  degree  of  commonality,  although  wth  a 
number  of  "annoying  minor  differences  among  them".  Such  differences  carried  over  into  the 
notation  uses  various  systems.  Notation  is  now  on  the  verge  of  standardization  via  the  Unified 
Modeling  Language  (UML).  This  modeling  language  is  a  graphical  notation  which  communicates 
the  object-oriented  design.  The  upcoming  standardization  does  not  standardize  the  process  to 
achieve  an  object-oriented  design.  Each  of  the  object-oriented  methodologies,  referenced  above, 
to  achieve  such  a  design  for  a  system  of  interest. 

A  question  arises  as  to  which  object-oriented  design  methodologies  would  be  most  helpful  in 
developing  the  Simulation  Object  Models.  A  follow  up  question  arises  concerning  how  to 
communicate  the  ultimate  design  graphically  (i.e.,  which  "modeling  language"  to  use). 
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The  High  Level  Architecture  is  not  strictly  objected  oriented.  In  particular,  multiple  inheritance  is 
prohibited.  Even  more  striking  is  the  absence  of  methods,  which  are  at  the  heart  of  the  message 
passing  paradigm  of  object-oriented  systems.  In  HLA,  the  message  passing  is  manifested  through 
interactions  and  publish/ subscribe  relationships.  The  information  needed  by  a  particular  object 
is  mediated  by  the  Federate  to  which  the  object  belongs  (via  subscription). 

In  view  of  the  fact  that  the  High  Level  Architecture  is  not  isomorphic  to  modem  object-oriented 
systems,  the  decision  was  made  to  select  a  non-rigid  design  guide  in  assisting  with  the  object 
development  for  the  SOM's.  To  this  end,  the  approach  of  Lee  and  Tepfenhart,  as  described  in  their 
recent  book  [1997],  UML  and  C++;  A  Practical  Guide  to  Object-Oriented  Development,  was  selected. 
This  work  discusses  in  a  unified,  comparative  manner  the  existing  processes  for  the  object-oriented 
design  of  a  system.  The  strengths  and  weakness  of  the  different  processes  are  explored.  As  might 
be  inferred,  this  text  is  non-dogmatic.  While  notation  is  clear,  and  graphical  representations  are 
explained,  they  do  not  follow  the  UML  notation.  We  adopt  this  same  approach. 

We  end  this  chapter  with  a  brief  discussion  of  those  object-oriented  design  techniques  which  we 
found  to  be  most  helpful  in  developing  the  Physiological  Simulation  Object  Model  and  the  Stimuli 
Simulation  Object  Model.  In  the  next  two  chapters,  the  application  of  these  techniques  to  the 
subject  matter  domain  are  made  more  explicit,  and  die  results  of  these  processes  are  detailed. 

» 

\A^th  regard  to  the  identification  of  objects,  there  are  several  techniques  that  are  currently 
commonly  practiced.  These  include: 

(1)  using  the  "entities  to  be  modeled", 

(2)  using  the  definitions  of  objects  in  the  subject  matter  domain, 

(3)  using  generalizations, 

(4)  using  object  decomposition,  and 

(5)  using  subclasses. 

In  the  last  method,  the  object  identification  step  is  skipped  in  favor  of  immediate  class 
identification.  Techniques  (1)  through  (3)  were  those  predominantly  employed  to  identify  objects 
in  both  Simulation  Object  Models  which  were  developed.  The  use  of  generalizations  also  helped 
to  organize  the  class  structure. 

Object  decomposition  was  found  to  be  quite  helpful  in  elucidating  the  aggregations.  Aggregations 
are  a  particular  t)q3e  of  relationship.  The  Object  Model  Template  tool  recognizes  the  importance 
of  this  particular  relationship  type  and  provides  for  the  documentation  of  aggregations  through 
the  use  of  a  "Components"  table.  (Other  relationships  between  or  among  objects  can  be 
documented  in  the  Associations  table  of  the  tool.) 
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The  fifth  technique  seemed  to  pre-suppose  part  of  the  organizational  structure  which  we  were 
attempting  to  construct.  It  was  not  employed  in  the  SOM  development  process. 

While  these  techniques  are  the  most  current,  Lee  and  Tepfenhart  [1997]  also  document  several 
traditional  techniques,  including: 

(1)  the  use  of  Nouns  to  identify  objects, 

(2)  interactive  dialog  with  a  domain  expert  in  order  to  uncover  the  underlying  "mental 
models"  operating  in  the  domain,  and 

(3)  use  of  the  "things  to  be  modeled".  Identification  of  "things  to  be  modeled"  was  aided 
by  the  use  of  the  category  approach  described  by  Shlaer  and  Mellor  [1989],  in  w*hich 
incidents,  roles,  interactions,  specifications,  etc.  are  investigated  as  possible  sources  of 
objects.  All  these  traditional  techniques  were  employed  in  the  service  of  object 
identification  during  the  course  of  the  SOM  development.  The  subject  matter  expert. 
Dr.  Dale  Birke,  of  the  Department  of  Pharmacology  and  Toxicology  at  the  West  Virginia 
University  Medical  School  also  assisted  in  object  identification. 

The  behavior  of  the  system(s)  represented  by  the  Physiological  SOM  must  also  be  elucidated.  The 
issue  of  how  this  behavior  is  represented  within  the  format  of  the  HLA  is  postponed  until  the 
chapter  on  the  Physiological  Simulation  Object  Model.  There  are  several  techniques  used  in  object- 
oriented  analysis  which  help  uncover  and  represent  the  static  behavior  of  the  system.  Moreover, 
an  investigation  into  the  behavior  of  the  system  provides  feedback  as  to  the  appropriateness  of  the 
objects  which  were  identified. 

The  identification  of  "services"  is  as  important  as  the  specification  of  the  objects  in  object  oriented 
design.  However,  there  are  no  services  per  se  in  the  High  Level  Architecture  specification.  Rather, 
the  HLA  has  a  set  of  interactions  in  addition  to  the  publish /subscribe  capabilities  of  objects. 
Parameters  can  be  associated  with  the  interactions.  This  maps  to  the  "signature"  of  a  service  in 
object-oriented  design.  In  object-oriented  design,  the  services  provide  the  description  of  the  static 
behavior. 

Although  services  are  not  part  of  the  HLA,  there  is  still  a  need  to  identify  the  static  behavior  of  the 
physiological  systems  and  the  stimuli.  This  identification  is  done  via  an  event  list.  The  internal  and 
external  events  to  which  the  physiological  system  is  required  to  respond  are  listed.  Internal  events 
in  the  physiological  system  would  be  those  which  are  specified,  in  the  HLA  manner,  within  the 
Physiological  SOM.  An  external  event  which  affects  the  physiological  systems  could  be  generated 
from  some  stimulus.  Such  external  events  would  be  documented  in  the  Physiological  System- 
Stimuli  Federation  Object  Model  (FOM).  Of  coiurse,  this  list  can  always  be  extended;  in  a  sense  this 
is  an  open-ended  task.  The  process  of  listing  such  events  proves  extremely  useful  in  focusing  the 
practical  scope  of  the  Simulation  Object  Models. 
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Associated  with  the  event  list  is  the  Event  Trace  Diagram  (named  a  Sequence  Diagram  in  UML). 
In  such  a  diagram,  the  events  happen  between  objects,  with  time  continuing  to  advance.  Thus, 
activities  within  the  system  are  described  as  events  taking  place  in  time,  initiated  by  an  object, 
directed  towards  a  recipient  object,  which  may  in  turn  become  an  initiating  object.  These  events 
serve  to  map  out  scenarios  for  the  system,  thus  illustrating  and  describing  system  behavior. 

2.5  Object  Model  Template  Component  Considerations 

The  first  stage  in  "filling  out"  the  object  model  template  for  a  simulation  object  model  requires  the 
object  classes  and  the  interaction  classes.  The  determination  of  this  information  is  the  subject  matter 
of  Chapters  3  and  4.  However,  if  we  assume  that  we  have  determined  such  classes,  we  can  make 
certain  general  statements  involving  publication  and  subscription.  Note  that  the  Object  Model 
Template  is  the  "standard  presentation  format  and  content  for  both  the  FOM  and  SOM's"  [Lutz, 
1997]. 

Publication  and  subscription  services  constitute  the  heart  of  the  HLA  simulation  commumcation 
architecture.  Within  a  Simulation  Object  Model,  the  publication  of  attributes  of  an  object  is 
intended  to  clarify  the  modeling  capabilities  supported  by  the  simulation  and  coimected  with  the 
object  class.  Moreover,  the  interactions  within  a  simulation  elucidate  the  intra-simulation 
communication  among  the  objects.  This  intra-simulation  communication  is  an  indicator  of  the 
capabilities  of  the  application  level  simulation  modeling.  Even  though  the  attributes  of  objects  are 
to  be  published,  it  is  the  object  class  which  is  designated  publishable  according  to  the  HLA  rules. 

Let  us  consider  the  situation  within  the  Physiological  SOM.  The  interactions  in  that  SOM  are  of  no 
interest  to  the  Stimuli  SOM,  since  the  stimuli  are  unaffected  by  a  recipient  body.  Why  should  they 
be  specified  within  the  HLA  framework?  Again,  it  is  necessary  to  consider  the  conceptual  space 
in  which  the  Physiological  SOM  is  being  developed.  For  example,  it  may  be  the  case  that  the 
Physiological  SOM,  will  at  some  point  later  in  time  be  utilized  in  a  Medical  Training  Federation 
which  may  be  distributed.  Consider  a  student  or  trainee  learning  respiratory  technology.  The  role 
of  the  Physiological  Federate  could  be  to  provide  a  "virtual  patient"  with  cardio-pulmonary 
capabilities.  The  student/trainee  could  interact  with  the  "virtual  patient"  simulation  via  a 
"Student/Trainee  Federate"  which  allows  the  student  access  to  the  virtual  patient.  . 

Such  a  Medical  'Gaining  Federation  would  be  dual-use  (DoD  and  non-DoD),  and  could  be  a 
product  involving  distributed  training.  From  a  cost  and  resource  standpoint,  such  a  Medical 
Training  Federation  would  be  very  attractive.  In  order  for  a  Medical  Training  Federation  to  know 
the  modeling  capabilities  (functionality)  of  the  "virtual  patient",  the  interactions  and 
publish/subscribe  (object  class)  information  must  be  present  in  the  Physiological  SOM. 
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The  Simtilation  Object  Model  should  also  indicate  the  types  of  data  that  it  must  import  or  would 
be  able  to  use  (reflect)  if  it  did  import  from  other  simulations.  For  example,  the  present 
Physiological  SOM  effort  does  not  include  detailed  internal  kidney  function  capabilities.  In  a  future 
Medical  Training  Federation,  the  internal  kidney  functionality  might  be  provided  by  a  specialized 
Kidney  Federate.  The  Virtual  Patient  Federate  could  then  import  and  reflect  certain  key  attributes 
coimected  with  the  Virtual  Patient's  lumped  kidney  tissue,  which  were  calculated  by  the  Kidney 
Federate.  The  "Student  Trainee  Federate"  would  then  be  the  third  member  in  the  Medical  Training 
Federation,  but  might  not  interact  directly  with  the  Kidney  Federate. 

The  object  class  attributes,  the  parameters  in  the  interactions,  and  the  interactions  that  convey  the 
capabilities  of  a  simulation  via  its  SOM.  The  chapters  on  Physiological  SOM  and  Stimuli  SOM 
development  discuss  such  quantities  in  detail. 

An  additional  feature  provided  by  the  Extensions  to  the  Object  Model  Template  is  the  Associations 
Table.  In  the  Physiological  SOM  in  particular,  the  Associations  Table  allows  one  to  capture 
information  on  "co-operative"  physiological  features.  One  of  the  limitations  of  the  Object  Model 
Template  is  the  lack  of  specificity  as  to  where  subscription  information  will  be  utilized;  i.e.,  what 
objects  will  use  what  information  to  update  which  attributes?  We  attempt  to  convey  this 
information,  in  a  general  manner,  via  the  Associations  Table. 

The  development  of  the  Object  Model  Template  to  convey  the  Physiological  SOM,  Stimuli  SOM, 
and  FOM  information  was  greatly  facilitated  by  the  use  of  the  OMT  Tool;  see  Lutz  et  al  [1996]. 
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Chapter  3— Development  of  the  Physiological  Simulation 
Object  Model 

The  goal  of  this  chapter  is  to  populate  the  Physiological  Simulation  Object  Model  (SOM).  As  this 
is  being  done  prior  to  any  implementation  in  software  rather  than  afterwards,  as  would  be  the  case 
with  a  legacy  code,  the  question  of  the  cconceptual  space  of  the  Physiological  SOM  is  crucial.  Once 
this  is  decided  upon,  object-oriented  techniques  can  be  utilized  to  aid  in  the  identification  of  objects 
and  events.  The  objects  and  objects  classes  will  map  into  the  HLA  format  i.e.,  the  Object  Model 
Template,  as  long  as  multiple  inheritance  is  not  permitted.  The  physiological  events  help  structure 
the  interactions  according  to  the  HLA  format.  The  Object  Model  Development  Tool  is  utilized  to 
prepare  the  Simulation  Object  Model.  This  allows  the  SOM  information  to  be  captured  in  a 
standardized  set  of  tables,  moreover,  the  tool  provides  certain  consistency  checking  features  that 
would  not  be  provided  in,  for  example,  a  standard  spreadsheet  environment. 

3.1  Conceptual  Space  of  Physiological  SOM 

As  was  discussed  in  Chapter  2,  the  boundaries  of  the  conceptual  space  of  the  Physiological  SOM 
narrow  the  range  of  objects,  services,  and  activities  of  the  system  which  must  be  captured.  The 
Physiological  SOM  conceptual  space  is  narrowed  to  the  respiratory  and  cardiovascular  systems. 
The  parts  of  the  medulla,  involved  in  regulating  these  systems,  are  included.  Also  included  are  the 
transmission  fibers  (nerves)  that  conduct  signals  from  the  system  components  to  the  regulatory 
centers  in  the  brain. 

The  wealth  and  variety  of  physiological  behavior  makes  it  a  necessity  to  limit  the  scope  of  the  SOM 
conceptual  space.  Our  decision  to  limit  the  scope  to  the  respiratory  and  cardiovascular  systems  is 
based  on  their  key  involvement  in  the  intake  and  distribution  of  oxygen,  which  is  essential  to  the 
life  of  the  physiological  system.  Without  these  systems  there  can  be  no  simulation  of  any 
physiological  activity.  Note  that  the  basic  systems  of  the  human  patient  simulators  (mannequins), 
offered  by  both  M.E.T.I.  and  Eagle  Simulation,  include  the  respiratory  and  cardiovascular  systems. 

V\^th  regard  to  the  relevance  of  these  systems  to  the  ultimate  goal  of  modeling  the  human  response 
to  stimuli,  it  is  noted  that  many  stimuli  target  the  respiratory  system.  From  a  military  applications 
viewpoint,  certain  stimuli  found  in  battlefield  conditions,  such  as  smoke,  particulate  matter, 
various  gases,  and  toxic  vapor  clouds ,  target  the  respiratory  system.  From  a  dual-use  perspective, 
various  applications  such  as  anesthesiology  involve  stimuli  which  involve  the  respiratory  system. 
There  will  be  no  difficulty  populating  a  Simulation  Object  Model  with  stimuli  that  affect  the 
functioning  of  the  human  respiratory  system. 
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3.2  Clinical  Focus  and  Level  of  Resolution 

Even  with  the  focus  of  the  Physiological  SOM  narrowed  to  incorporate  only  the  cardiovascular  and 
respiratory  systems,  along  with  related  fimctionality  in  the  brain/ nervous  system,  there  are  still 
decisions  to  be  made  regarding  the  approach  and  the  level  of  resolution. 

A  functional  approach,  based  on  physiology,  was  adopted  for  the  modeling.  This  is  in  contrast  to 
a  strictly  anatomical  approach  which  would  have  involved  a  listing  of  the  anatomical  features  of 
the  cardiovascular  and  respiratory  systems.  The  physiological  approach  highlights  the  behavior 
of  the  body  systems.  With  the  behavior  comes  the  need  for  measurements  of  physiological 
performance.  This  brings  in  the  notion  of  "clinical"  quantities:  those  quantities  which  are 
measurable  and  are  useful  for  describing  the  state  of  a  patient.  It  is  also  noted  that  dinical 
quantities  are  used  in  the  simulation  of  breathing,  etc.,  by  the  hardware  mannequins. 

The  choice  of  a  physiological/ functional  approach  assists  in  resolving  other  the  issues  involved 
in  modeling  the  respiratory  and  cardiovascular  systems.  In  particular,  the  issue  of  the  appropriate 
modeling  level  of  resolution  must  be  determined. 

If  a  strictly  anatomical  view-point  held  sway,  then  the  lowest  level  of  instantiated  object  would  be 
at  the  cellular  level.  The  focus  on  the  cardiovascular— respiratory  systems  in  this  effort  would 
require  that  blood  cells  be  instantiated;  since  delivery  of  oxygen  to  the  body  organs  and  tissues 
would  be  accomplished  via  blood  circulation,  with  the  appropriate  gas  exchange  mechanisms 
occurring.  Let  us  investigate  the  ramifications  that  a  decision  to  adopt  the  strictly  anatomical 
view-point  and  model  at  the  lowest  anatomical  level  involved  in  the  physiological  functioning 
would  have  on  the  modeling  effort. 

Blood  cells  are  examples  of  connective  tissues,  in  which  the  cells  are  embedded  in  an  extra-cellular 
matrix.  In  the  case  of  blood  cells,  this  surrounding  matrix  is  fluid.  There  are  several  types  of  cells 
foimd  in  this  matrix.  One  specific  the  erythrocyte,  transports  oxygen.  Erythrocytes  are 
biconcave  disks,  lacking  a  cell  nucleus,  which  are  7-8  microns  in  diameter.  A  figure  of  merit  for  the 
number  of  erythrocytes  contained  in  the  adult  circulatory  system  is  25  trillion.  Moreover,  the  life 
cycle  of  these  cells  involves  the  destruction  of  approximately  2.5  million  old  cells  per  second,  and 
the  creation  of  an  equal  number  of  new  cells.  Even  if  the  erythrocytes  were  considered  to  be  in 
steady  state,  there  are  still  far  too  many  single  cells  to  instantiate  as  objects.  This  level  of  resolution 
is  not  workable. 

Information  on  oxygen  and  carbon  dioxide  transport  is  needed  in  order  to  model  the  functioning 
of  the  human  respiratory  and  cardiovascular  systems.  The  goal  of  the  modeling  effort  is  to  simulate 
the  physiological  functioning  rather  than  to  capture  the  lowest  levels  of  biological  detail.  This  goal 
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can  be  realized  with  a  level  of  resolution  that  is  at  the  tissue  group  level.  The  tissue  groups  will 
have  their  respective  oxygen  demands  and  will  output  their  respective  amounts  of  waste  gas 
(carbon  dioxide)  which  must  be  accounted  for  in  the  physiological  modeling.  Moreover,  the  figures 
of  merit  for  tissue  oxygen  usage  and  waste  gas  production  are  clinical  quantities  which  involves 
a  certain  amount  of  lumping  together  of  some  anatomically  distinct  tissues. 

The  object  set  and  the  classes  developed  for  the  Physiological  SOM  reflect  the  decision  to  adopt  a 
functional  viewpoint  and  to  model  at  the  tissue  level  of  organization.  In  addition,  the  object  classes 
include  certain  elements  which  are  functional  representations  rather  than  anatomical  structures. 

3.3  Object  Identification  and  Class  Structure 

The  identification  of  objects  and  the  development  of  the  class  structure  for  the  Physiological  SOM 
did  not  proceed  in  isolation  from  the  scenario  development  described  by  the  Event  Trace  Diagrams 
(in  subsection  3.5).  However,  the  starting  point  for  the  object  identification  was  a  consideration  of 
anatomical  structures  subject  to  the  constraint  of  a  functional  representation.  The  objects  which 
proceed  from  such  considerations  is  the  focal  point  of  this  subsection. 

Any  development  of  the  objects  and  class  structure  that  is  acceptable  for  the  SOM  is  non-unique. 
Therefore,  the  content  of  this  subsection  includes  the  motivation  behind  the  selections  as  well  as 
a  presentation  of  the  objects  and  class  structure  themselves.  For  a  complete  listing  of  the  tables  in 
the  Physiological  SOM,  see  Appendix  A. 

The  methodology  adopted  in  initiating  this  effort  was:  (1)  engage  the  subject  matter  expert  (SME) 
in  a  discussion  regarding  the  requirements,  (2)  to  follow  up  independently  on  the  subject  matter 
utilizing  several  functionally  oriented  references,  and  (3)  to  re-engage  the  subject  matter  expert, 
posing  questions  that  originate  from  the  first  report  of  the  SME  and  also  from  independent 
investigations.  This  cycle  was  in  use  throughout  the  life  of  the  Physiological  SOM  development, 
and  culminated  with  a  review  of  the  entire  completed  SOM  by  the  subject  matter  expert.  The  final 
review  focused  upon  the  completeness  of  the  objects,  attribute  set,  interactions,  and  parameters  in 
describing  the  physiological  activities  of  the  cardio-respiratory  system  in  the  presence  of  selected 
stimuli. 

Functionally  oriented  references  included  an  undergraduate,  college  level  anatomy  and  physiology 
text  [Seeley  et  al,  1992],  an  anatomy  text  used  in  medical  schools  [Agur,  and  Lee,  1991],  and  two 
monographs  which  involved  mathernatical  fluid  mechanics  and  engineering  perspectives  on  the 
circulatory  and  respiratory  systems  [Rubinow,  1973;  lighthill,  1975]. 
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A  perusal  of  the  Physiological  SOM  (Appendix  A)  reveals  that  there  is  depth  to  the  class  structure. 
A  depth  of  3  to  4  is  not  uncommon.  The  base  classes  are  given  by  the  following  table.  Table  I. 

Table  I.  Base  Class  Structure:  Physiological  SOM 

OrganicDuctwork 
Organs 

OrganlcRCPTRS 
TissueGroups 
Cavities 
Chambers 
Valves 

LumpedZones 
Human 

Medulla  Receive  Co  mputeSend 
CardiovascularSystem 
RespiratorySystem 

BodyEnvironMatrix  * 

An  excerpt  of  the  subclass  structure  of  the  Physiological  SOM  is  presented  in  Table  H. 

Table  11.  Excerpt  of  sub-class  structure  in  the  Physiological  SOM- 
Class  1  indicates  the  Base  class. 
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TissueGroups 

UpperLimbTissue  (PS) 

HeadNeckSpineTissue  (PS) 

Loweriimblissue  (PS) 

IntilliacViscNParietTlssue  (PS) 

AbdomVisceraTissue  (PS) 

KidneyTissue  (PS) 

HeartTissue  (PS) 

EsophcgusTissue  (PS) 

LungTissue  (PS) 

Respiratory  Muscles 

Abdominal  (PS) 

Externa II ntercosta Is  (PS) 

Interna  Intercosta  Is  (PS) 

Diaphragm  (PS) 

Cavities 

NasalCavity  (PS) 

ThoracicCavity  (PS) 

The  object  base  classes  can  be  logically  divided  into  several  categories.  Rather  than  state  what  these 
are  at  the  outset,  the  nature  of  the  base  classes  will  be  considered  after  their  respective 
development  has  been  discussed  in  detail. 

One  of  the  object-oriented  analysis  techniques  that  proved  quite  fruitful  in  the  task  of  identifying 
objects  was  generalization.  Several  object  base  classes  provide  a  basic  mechanical  function.  Such 
base  classes  are  a  mechanical  engineering  viewpoint  of  the  body  components  which  are  needed 
to  provide  the  functionality  for  the  respiratory-cardiovascular  systems.  One  example  is  the 
"Organic  Ductwork"  base  class,  which  has  the  sub-classes  of:  (1)  respiratory  ductwork,  (2) 
cardiovascular  ductwork,  and  (3)  nervous  ductwork.  In  a  similar  vein,  the  base  classes  of  chambers, 
valves,  and  cavities,  and  organic  receptors  (sensors)  are  generalizations  from  a  functional, 
mechanical  engineering  viewpoint  of  the  necessary  component  objects  involved  in 
cardio-respiratory  functions. 

The  issue  of  resolution  impacts  the  development  of  these  "mechanical"  base  classes.  How  deep 
should  the  subclass  structure  be?  How  wide  should  a  given  subclass  level  be?  Take  the  case  of  the 
subclass  "Cardiovascular  Ductwork"  (Class  2  in  the  OMT  specification) .  Proceeding  to  the  next 
subclass  level  (Class  3 ),  we  find  "Artery  in  Body",  "Aorta",  and  "Vein  in  Body".  What  is  not  listed 
is  the  subclass  "Capillary",  which  is  below  the  level  of  resolution  selected.  The  specific  arteries, 
aorta  subclasses,  and  veins  that  appear  in  Qass  4  are  the  major  conduits  for  conve)dng  the  "blood 
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constituents",  through  the  body,  from  the  heart  to  the  recipient  tissue  groups,  returning  for 
re-oxygenation,  and  then  re-circulated.  Through  a  proper  choice  of  attributes,  the  circulatory 
system's  involvement  in  the  respiratory  process  can  be  captured.  The  details  of  oxygen  usage  by 
the  tissue  groups  is  done  in  a  "liunped  manner"  which  will  be  discussed  later  in  this  subsection. 

Although  the  "Organic  RCPTRS"  object  base  class  was  defined,  and  its  subclasses  struchired  using 
the  mechanical  engineering  generahzation,  the  existence  of  the  corresponding  anatomical  entities 
and  their  role  in  the  respiratory  process  became  known  via  the  objects  which  take  place  in  the  event 
(or  scenario)  of  normal  breathing. 

The  base  classes  which  map  most  closely  to  recognizable  anatomical  features  are  Tissue  Groups 
and  Organs.  The  respective  subclasses  of  these  base  classes  include  only  the  objects  which  play  a 
role  in  the  respiratory  and  associated  cardiovascular  processes.  For  example,  the  subclasses  of  the 
Organ  base  class  include  Heart  and  Lung. 

The  identification  of  the  Tissue  Groups  and  Organ  object  base  classes  was  done  via  a  consideration 
of  the  anatomical  objects,  i.e.,  through  a  consideration  of  the  "entities  to  be  modeled ",  the  objects 
themselves.  Development  of  the  object  subclasses  came  about  by  restricting  object  membership  to 
those  having  a  role  in  respiration.  The  oxygen  usage  by  the  subclass  members  of  the  Tissue  Groups 
that  would  be  instantiated  (e.g..  Heart  Tissue,  Lung  Tissue,  etc.)  is  done  in  a  lumped  maiuier  via 
a  selection  of  the  attributes.  It  is  the  attributes  which  really  delineate  the  functionahty  that  is 
present.  This  will  be  discussed  further  in  the  next  subsection. 

The  "Lumped  Zones"  base  class  represents  those  classes  which  involve  some  sort  of  merging  or 
"lumping"  of  various  anatomical  features  and  physiological  processes  for  the  purpose  of 
calculation.  The  results  of  this  calculation  may  yield  a  clinical  quantity  rather  than  an  in  vivo 
physiological  quantity.  In  the  Physiological  SOM,  there  are  two  subclasses  of  this  base  class,  both 
of  which  pertain  to  the  respiratory  system.  These  are  the  Conducting  Zone  (of  the  lung)  and  the 
Respiratory  Zone  (of  the  lung).  These  subclasses  are  an  idealization  of  the  features  and  processes 
foimd  in  the  lung  and  its  associated  airway  passages.  This  idealization  originated  in  a  medical  and 
clinical  context,  given  impetus  by  the  need  to  perform  calculations  which  could  then  be  related  to 
measurable  quantities  which  themselves  would  give  an  indication  of  the  health  and  proper 
functioning  of  an  individual.  Thus,  the  Lumped  Zone  object  class  identification  proceeded  from 
knowledge  of  how  the  domain  was  organized  by  medical  experts.  (This  information  was  provided 
by  the  medical  consultant. ) 

Consider  the  Respiratory  Zone  subclass.  It  is  the  idealized  region  in  which  the  gas  exchange 
mechanism  necessary  for  re-oxygenation  of  the  blood  takes  place.  From  a  strictly  anatomical 
viewpoint,  the  gas  exchange  occurs  across  a  respiratory  membrane,  which  is  composed  of  six  layers 
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found  in  the  bronchioles,  aveolar  ducts,  and  aveoli.  There  are  approximately  300  million  of  the 
respiratory  membrane  unit.  It  is  not  feasible  to  instantiate  300  million  respiratory  membranes, 
calculate  the  physical  diffusion  processes  across  each  of  the  membranes,  and  then  connect  the 
membranes  via  a  capillary  network.  Note  that  the  aveoli,  aveolar  ducts,  and  capillaries  are  below 
the  level  of  resolution  determined  for  this  effort.  Moreover,  it  is  not  necessary  to  descend  to  this 
level  of  anatomical  and  physical  process  resolution  when  the  quantities  of  interest  are  at  a  more 
macroscopic  level.  Thus,  attributes  such  as  an  average  membrane  thickness  and  a  total  membrane 
surface  area,  are  used  in  the  calculation  of  the  gas  exchange  process. 

The  object  identification  process  revealed  more  than  one  appropriate  base  class  from  which  lung 
functionality.  There  is  a  "Lrmg"  subclass  of  the  Organ  base  class  which  essentially  models  the  lung 
anatomical  features  as  they  pertain  to  the  process  of  breathing,  as  well  as  the  clinical  quantities 
associated  with  the  lung  organ  in  the  process  of  breathing.  Attributes  of  this  subclass  include 
anatomical  quantities  such  as  limg  compliance.  Also  included  as  attributes  in  this  subclass  are  lung 
volume,  internal  lung  pressure,  etc.  The  more  overtly  clinical  quantities  include  inspiratory  reserve 
volume,  lung  capacity,  etc.  For  example,  lung  capacity  is  measured  with  a  spirometer,  and  the 
resulting  value  is  used  clinically.  This  is  in  contrast  to  the  attributes  of  the  Lung  Respiratory  Zone 
which  are  necessary  to  calculate  quantities  associated  with  the  physical  process  of  diffusion  in  the 
physiological  process  of  re-oxygenation. 

> 

The  category  approach  of  Shlear  and  Mellor,  which  considered  interactions,  was  also  useful  in  the 
object  identification  process.  Analysis  of  the  interactions  necessary  for  normal  respiration  captiured 
the  Lung  Tissue  subclass  of  the  Tissue  Groups  base  class.  In  a  similar  manner,  a  consideration  of 
the  Heart  function  in  the  context  of  normal  respiration  yidded  a  number  of  important  objects  in 
the  subclasses.  Also  note  the  subclass  of  "Heart  Tissue"  derived  from  the  Tissue  Groups  base  class. 
A  review  of  the  circulatory  cycle  in  the  re-oxygenation  process  led  to  the  development  of  the  "Heart 
Chamber"  and  "Heart  Valves"  subclasses. 

The  "Epiglottis"  base  class  is  somewhat  unique;  it  was  identified  from  the  Event  Trace  Diagrams 
as  a  missing  object.  ' 

The  base  classes  of  "Respiratory  System"  and  "Cardiovascular  System"  were  included  in  order  to 
make  explicit  the  functionality  inherent  in  the  Physiological  SOM,  and  to  allow  other  potential 
SOM's  to  view  these  as  base  classes  in  potential  interactions,  etc.  The  intended  functionality  of 
these  two  base  classes  is  conununicated  by  their  structure;  it  is  the  "Components"  section  of  these 
objects  (see  the  OMT  structure)  which  are  richly  filled-out. 

The  "Human"  base  class  was  included  so  that  certain  characteristics,  which  have  some  impact  on 
the  respiratory  system  but  which  are  not  truly  related  to  the  other  objects,  can  be  included. 
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Although  there  are  iro  subclasses,  such  characteristics  are  included  via  the  attributes  of  this  base 
class. 

The  "Medulla  Receive  Compute  Send"  base  class  contains  the  regulatory  structure  of  the  medulla 
which  controls  the  behavior  and  integration  of  the  respiratory  and  cardiovascular  systems.  The 
subclasses  delineate  the  various  control  centers  which  have  been  functionally  identified 
(physiologically).  It  is  noted  that,  anatomically,  a  control  center  might  be  a  munber  of  cells 
co-located  in  a  region  of  the  medulla  oblongata. 

The  final  object  base  class  of  the  Physiology  SOM  is  the  "BodyEnvironMatrix".  This  is  the  class 
which  will  interact  with  the  stimuli.  Any  initial  processing  of  the  stimuli  by  the  body  will  occur  in 
the  software  implementation  of  this  base  class.  The  scalable  approach,  which  was  adopted,  is  the 
body  (software  implementation  of  the  Physiological  SOM)  is  responsible  for  calculating  and 
updating  its  state  after  receipt  of  the  stimuli.  The  stimuli  can  not  know  exactly  what  state  the  body 
is  in;  they  cannot  know  precisely  what  its  effect  will  be  at  precisely  what  time.  For  example,  if  the  body 
is  wearing  protective  gear  when  a  vapor  cloud  is  the  stimulus,  the  body  response  might  not  involve 
any  damage  to  the  lungs,  etc.  However,  a  stimulus  does  package  detailed  information  as  to  the 
nominal  parameters  of  the  interaction.  This  is  part  of  the  crux  of  the  Stimuli  SOM  development, 
and  is  discussed  in  Chapter  4. 

» 

3.4  Attributes 

Attributes,  associated  with  objects,  best  serve  to  delineate  the  capabilities  of  the  model  within  the 
context  of  the  OMT.  The  semantics  of  the  attribute  are  conveyed  via  the  lexicon.  In  order  to  fully 
characterize  an  attribute,  additional  characteristics  beyond  the  name,  object  class  identification,  and 
lexicon,  are  mandatory.  These  include  a  listing  of  the  datatype,  cardinality,  units,  resolution, 
accuracy,  accuracy  condition,  update  type,  update  rate/condition,  whether  the  attribute  is 
transferable  or  acceptable,  and  whether  it  is  updateable /reflectable. 

This  section  contains  a  presentation  of  attributes  of  several  of  the  objects  which  constitute  the 
Physiological  SOM.  Note  that  use  has  been  made  of  inheritance  wherever  possible.  Rather  than 
exhaustively  list  all  of  the  attributes  (and  definitions)  which  constitute  the  Physiological  SOM,  the 
discussion  will  focus  upon  the  usage  and  relationship  of  attributes  in  the  different  object  classes, 
and  their  role  in  the  modeling. 

An  excerpt  of  the  attributes  list  in  the  Physiological  SOM  is  given  in  Table  III. 
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Table  III.  Excerpt  of  the  Attributes  List  in  the  Physiological  SOM.  Only  the  attribute  names  are 
listed. 


Heart 

HeartRate 

Stroke  Volume 

CardiacOutput 

Peri  ph  e  ral  Resista  nceTota  1 

ForceOfContraction 

BloodPressure 

IrritantSensor 

Location 

Status 

TissueGroups 

MetabolicRate 

pC02Waste 

p02Demand 

Peri  ph  e  ra  1  Resista  nee 

02ExtractionCoefficient 

PercentCardiacOutput 

p02ofrissueGrp 

Human 

HemoglobinBindingPercent 

Age 

Weight 

Temperature 

HumanState 

ShuntFactor 

Arte  ryin  Body 

p02ln 

FlowRate 

Diameter 

pC02ln 

Aorta 

pC02ln 

pC02ln  ^ 

FlowRate 

Diameter 
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The  Heart  object  is  concerned  with  the  pumping  of  blood;  the  attributes  associated  with  this  object 
include  the  Cardiac  Output,  Stroke  Volume,  and  Blood  Pressure.  These  attributes  are  all  connected 
with  the  continuous  pumping  of  blood  through  the  circulatory  system.  Additional  attributes 
associated  with  the  Heart  are  those  which  enable  the  calculation  of  these  key  quantities. 

Similarly,  the  Lung  Object  is  concerned  with  the  volume  of  air  (gas)  inhaled  (or  exhaled).  Key 
attributes  include  the  respiratory  rate,  lung  volume,  and  lung  capacity.  Other  attributes,  such  as 
internal  lung  pressure,  are  utilized  in  calculations.  The  key  attributes  for  both  the  Heart  and  Lung 
objects  involve  many  of  the  clinical  quantities.  Note  that  in  the  Lung  Object,  the  respiratory  rate 
is  a  calculated,  rather  than  an  imposed,  value. 

The  question  might  arise  as  to  how  the  circulatory  system  might  function  to  deliver  blood  that  has 
been  oxygenated,  and  to  collect  blood  for  re-oxygenation  when  there  is  not  a  ’blood"  object  The 
answer  lies  in  the  attributes  of  the  "Artery  in  Body", "  Aorta",  "Vein  in  Body",  and  "lissue  Groups". 
It  is  the  conveyance  of  oxygen  through  the  body  to  be  used  by  the  tissue  groups,  and  the 
conveyance  of  carbon  dioxide  away  from  the  tissue  groups  as  waste  which  is  of  interest  in  the 
modeling.  A  virtual  conduit  has  been  set  up  through  the  existing  object  class  structure  involving 
the  arteries,  veins,  and  tissue  groups.  It  is  via  the  attributes  that  a  virtual  flow  network  is 
maintained.  In  support  of  this  modeling,  the  "Artery  in  Body"  and  the  "Aorta"  classes  have  the 
attributes  p02In,  pC02In,  flow  rate,  and  diameter.  It  is  the  partial  pressure  of  oxygen  (p02In) 
which  indicates  the  oxygen  that  is  being  delivered  through  the  conduit.  (There  is  also  a  certain 
amount  of  C02  always  present.)  In  the  "Veins  in  Body"  object  class,  the  attributes  are  p020ut, 
pC02out,  flow  rate,  and  diameter.  That  is,  after  the  arteries  have  delivered  the  oxygen  to  the  tissue 
groups,  each  tissue  group  has  used  a  certain  amount  of  what  is  available,  and  has  passed  along  a 
certain  amount  of  waste  product  in  the  form  of  a  pC02out.  The  "lissue  Groups"  object  include  a 
metabolic  rate,  a  p02Demand,  and  a  percent  cardiac  output  which  serve  to  describe  the  oxygen 
demand.  The  extraction  coefficient  is  related  to  how  much  oxygen  delivered  by  the  artery  diffuses 
through  to  the  tissue.  The  peripheral  resistance  serves  as  a  measure  of  efficiency.  Ideally,  the  p02 
of  the  tissue  would  be  maintained  at  its  necessary  level.  If  the  metabolic  rate  increases,  the 
p02Demand  increases,  and  the  p02  level  of  the  tissue  group  drops  before  the  cardiovascular  and 
respiratory  systems  can  make  adjustments. 

Information  as  to  what  arteries  (veins)  feed  (drain)  which  tissue  groups  is  located  in  the 
Associations  Table  of  the  OMT.  This  information  is  crucial  to  the  actual  implementation  of  the 
virtual  patient/ combatant/ stimuli  recipient.  Also  included  in  the  Associations  Table  is  a  linkage 
between  the  nerves  and  tissue  groups;  i.e.,  specific  nerves  serve  to  relay  information  about  the  state 
of  the  tissue  groups  from  the  tissue  group  to  the  medulla  regulatory  centers  regarding  tissue 
distress.  Specific  nerves  are  instantiated  as  members  of  the  subclass  of  Nervous  Ductwork. 
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The  regulatory  centers  in  the  medulla  can  act  to  remediate  the  tissue  distress  situation  \ia  artery 
constriction  and  dilation.  Note  that  flow  rate  and  diameter  are  two  additional  attributes  of  the 
"Artery  in  Body",  "Aorta",  and  "Vein  in  Body"  object  classes.  Moreover,  the  specification  of  the 
attributes  at  this  class  level  allows  for  inheritance  of  these  attributes  by  a  specific  instantiated  artery 
or  vein,  thus  simplifying  the  OMT  tables  and  presentation. 

One  of  the  key  attributes  is  the  blood  pressure,  which  is  owned  by  the  Heart.  This  is  a  reriection 
of  the  importance  of  blood  pressure  in  maintaining  homeostatis  in  the  human  body.  The 
Physiological  SOM  must  capture  this  cardio-respiratory  interaction,  including  existence  of  ^vaming 
sensors.  This  was  done  via  the  "Organic  Receptor"  object  class.  It  is  the  subclasses  of  this  object 
class,  together  with  their  attributes,  which  are  central  in  helping  to  maintain  the  effective 
functioning  of  the  cardio-respiratory  systems.  Note  the  attributes  "BPChange"  and  "DirectionBP 
Change"  in  the  barotropic  (pressure)  sensors  located  in  the  aortic  arch  and  near  the  carotid  sinus. 
These  are  instantiated  as  objects  "BAROAorticArch"  and  "BAROCarotidSinus".  Also,  there  are 
chemical  sensors  in  the  body,  including  oxygen  sensors  near  the  same  locations  as  the  pressure 
sensors.  (Physically,  these  sensors  are  specialized  cells.)  The  oxygen  sensors  (Carot02Recpt  and 
Aortic02Recpt)  have  p02  as  an  attribute.  Other  attributes  of  the  sensor  are  concerned  with  their 
"status"  (functioning  or  not),  and  the  reporting  of  their  "location",  which  is  fixed. 

The  respiratory  system  is  concerned  with  the  intake  of  oxygen,  the  expulsion  of  carbon  dioxide, 
and  the  re-oxygenation  of  the  "blood"  that  is  "carried"  by  the  circulatory  system.  In  addition,  there 
are  muscles  of  respiration  which  enter  into  the  breathing  sequence,  along  with  control  centers  in 
the  medulla,  and  the  connection  between  certain  nerves  and  respiratory  system  components.  In 
the  Physiological  SOM,  it  is  the  respiratory  system  activities  and  interactions  which  primarily 
respond  to  the  stimuli.  The  cardiovascular  system  enters  because  it  is  coupled  in  physiologically. 

Therefore,  it  is  expected  the  modeling  of  the  respiratory  system  would  be  very  detailed,  and  this 
is  indeed  the  case.  A  discussion  of  the  attributes  in  this  subsection  and  the  presentation  of  the 
objects  in  the  previous  subsection  do  not  convey  the  depth  of  interaction  for  the  respiratory  system 
as  well  as  they  do  for  the  cardiovascular  system.  For  the  complete  picture,  a  detailed  presentation 
of  the  interactions  must  also  be  performed.  This  will  be  done  later  in  this  chapter. 

The  attributes  of  the  "Lung"  object  reflect  its  role  as  the  major  organ  of  respiration  in  the  body.  In 
the  modeling  effort,  the  behavior  of  the  lungs  (how  inflated,  what  the  respiratory  rate  is,  etc.) 
comes  about  as  a  result  of  the  dynamics.  For  example,  there  is  not  an  imposition  of  a  respiratory 
rate.  Rather,  this  quantity  should  be  calculated  from  the  number  of  inhalations  and  exhalations  that 
occur.  This  number  should  be  different  for  normal  breathing,  for  breathing  xmder  an  imposed 
metabolic  load  (which  could  reflect  exertion),  and  breathing  in  fl\e  presence  of  selected  stimuli.  The 
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requirements  of  the  lung  tissue,  regarding  its  oxygen  intake  and  carbon  dioxide  rejection,  are 
modeled  by  the  attributes  of  the  "Lung  Tissue"  object ,  which  is  a  "Tissue  Group"  object  subclass. 

Additional  "Tissue  Group"  subclass  objects  are  needed  for  their  direct  role  in  respiration.  These  are 
the  "muscles  of  respiration",  which  include  the  "diaphragm,  external  intercostals,  internal 
intercostals,  and  the  abdominal"  subclass  (level  3)  objects.  The  attribute  which  distinguishes  them 
from  other  "Tissue  Group"  subclass  objects  is  that  of  "contraction  level".  The  contraction  and 
relaxation  of  these  muscles  produces  the  volume  change  of  the  thoracic  cavity,  which  is  responsible 
for  air  movement  in  and  out  of  the  lungs.  Note  that  the  "Thoracic  Cavity"  object,  which  is  a  subclass 
of  the  "Cavities"  object,  has  a  volume  as  one  of  its  attributes. 

Gas  exchange  is  necessary  for  re-oxygenation,  which  is  expressed  in  the  Physiological  SOM  as  new 

values  of  p02  and  pC02.  This  exchange  is  captured  in  the  "Lung  Respiratory  Zone"  subclass  object 

through  such  attributes  as  "p02staleBlood,  p02newBlood,  p02InspiredAir",  etc.  The  anatomy  of 

membrane  size  is  captured  through  the  "Membrane  Surface  Area"  attribute.  Both  the  "Membrane 

Thickness"  and  the  "Aveolar  Ventilation  Rate"  are  attributes  that  capture  the  quality  of  the 

respiratory  system  in  the  gas  exchange  process.  A  thicker  membrane  implies  more  difficulty  for 

the  diffusion  process,  and  thus  less  efficiency  in  the  gas  exchange  mechanism.  The  effective 

membrane  thickness  increases  when  additional  mucus  is  present.  Certain  stimuli  affect  the 

» 

effective  membrane  thickness. 

The  attribute(s)  of  the  respiratory  ductwork  sub-classes  is  simple,  consisting  of  the  "diameter". 
These  subclasses  include  the  Pharynx,  Larynx,  Trachea,  and  Bronchia.  These  can  play  a  role  in  the 
calculation  of  the  "Overall  Airway  Resistance",  which  is  an  attribute  of  the  subclass  "Lung 
Conducting  Zone".  A  calculation  of  the  "Overall  Airway  Resistance"  would  impact  how  much  air 
was  available  from  the  inhalation.  However,  these  subclasses  are  connected  anatomically  with 
another  subclass,  that  of  the  "Irritant  Sensors".  The  "Irritant  Sensors"  are  cells  which  response  to  the 
presence  of  irritation  due,  for  example,  to  particulate  matter.  They  are  found  in  areas  of  the 
respiratory  system.  The  relationship  between  a  specific  subclass  of  the  "Irritant  Sensor"  and  its 
physical  location  within  the  respiratory  system  is  given  by  the  "Location"  attribute  of  the  specific 
(irritant-type)  sensor,  inherited  from  its  parent  class  ("Irritant  Sensor").  The  Associations  Table 
presents  the  relationship. 

The  attribute  "status"  appears  in  several  of  the  (sub)classes.  Its  meaning  is  "On/Off’  or 
"Open/Closed"  or  "Active/ Quiescent".  For  example,  the  class  "Epiglottis",  which  plays  a  role  in 
coughing,  can  be  open  or  closed.  In  contrast,  this  same  attribute  for  an  Irritant  Sensor  subclass 
would  indicate  whether  or  not  the  sensor  was  functioning  properly.  The  precise  semantics  of 
"status"  varies  with  the  class  context. 


-25- 


Chapter  3 — Development  of  the  Physiological  Simulation  Object  Model 

Topic  Number.  OSD97-005 


In  what  is  a  departure  from  the  attributes  of  other  classes  (or  subclasses),  the  attributes  of  the  "Body 
Environ  Matrix"  pertain  to  the  surrounding  environment  and  act  as  an  interface  between  the 
external  stimuli  and  the  virtual  patient.  These  include  attributes  such  as  "external  temp",  "air 
components",  etc.  The  attribute  of  "Body  Affectors"  is  of  unlimited  cardinality,  and  one  of  the 
means  of  interfacing  between  the  stimuli  and  the  physiological  subsystems.  A  discussion  of  the 
stimuli  in  the  chapter  on  the  Stimuli  SOM  will  help  elucidate  this. 

3.5  Event  Trace  Diagrams 

An  elucidation  of  events  that  occur  in  the  human  body  in  response  to  the  introduction  of  stimuli, 
or  as  part  of  a  nominal  state,  greatly  aids  in  the  identification  of  objects  that  will  be  utilized  in  the 
physiological  simulation  object  model  (SOM).  A  tool  to  represent  such  events  is  the  Event  Trace 
Diagram. 

The  event  trace  diagram  is  a  representation  of  (segments  of)  scenarios.  Examples  of  such  scenarios 
include  the  sequence  of  respiratory  system  events  which  produce  normal  breathing,  those  which 
produce  a  "cough",  etc.  The  scope  of  a  scenario  may  be  broad  or  it  may  be  more  limited  in  scope. 

Consider  the  scenario  in  which  a  decrease  in  heart  rate  results  from  the  actions  taken  by  the 
cardioregulatory  system  in  the  medulla.  Following  a  detection  of  the  blood  pressme  rise  by  the 
carotid  baroreceptor,  the  associated  glossopharyneal  nerve  transmits  this  information  to  the 
cardioregulatory  center.  After  any  algorithmic  calculations  are  performed,  the  vagus  nerve  is 
employed  by  this  regulatory  system  to  transmit  information  to  the  heart  to  decrease  its  "heart  rate". 

Event  A  is  a  stimulus  from  the  Carotid  Baroreceptor  to  the  Glossopharyngeal  Nerve  noting  that 
Blood  Pressure  has  increased.  Event  B  is  a  transmittal  from  that  nerve  to  the  Cardioregulatory 
center  in  the  medulla  that  carries  the  message  of  increased  blood  pressure.  After  algorithmic 
activity,  the  center  implements  its  decision  in  Event  C  by  calling  upon  the  Vagus  Nerve  to  transmit 
a  message  to  the  Heart  to  decrease  its  "heart  rate".  The  Heart  is  the  final  object  in  the  event 
sequence,  and  it  receives  the  message  from  the  Vagus  nerve  in  Event  D. 

Note  that  the  events  occur  as  time  is  increasing.  Also,  note  that  the  events  are  anchored  by  objects. 
That  is,  an  object  initiates  the  scenario.  All  of  the  individual  steps  that  lead  up  to  the  conclusion  of 
the  scenario  are  initiated  by  objects.  Also,  objects  are  the  recipients  of  all  the  intermediate  events. 

In  the  context  of  HLA,  some  of  these  events  are  implemented  as  "Publishing"  and  some  are 
implemented  as  "Interacting".  In  general,  the  implementation  should  utilize  a "  publish/ subscribe" 
mode  of  communication  if  the  activity  is  of  a  more  continuous  nature. 
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Figure  2.  Event  Trace  Diagram  for:  “Blood  Pressure  Increase  to  Decrease  in  Heart  Rate” 

Construction  of  event  trace  diagrams  is  an  object-oriented  technique  which  aids  in  the 
identification  of  objects.  However,  these  diagrams  have  proven  useful  in  organizing  the  expert 
knowledge  obtained  from  the  medical  consultant.  Several  more  event  trace  diagrams  will  be 
presented  in  this  section  in  order  to  illustrate  the  usage  of  the  physiological  objects  and  the  nature 
of  their  standard  activities.  Of  course,  for  a  more  complete  view,  this  section  should  be  taken  in 
conjunction  with  the  Interactions  subsection  of  this  chapter,  the  section  in  Chapter  5  involving  the 
scenarios,  and  the  object  model  tables  themselves. 

Prior  to  the  "  Low  Oxygen  Levels  from  the  Carotid  Oxygen  Sensor"  event  delineated  on  the  next 
page,  the  carotid  oxygen  sensor  object  senses  that  p02  is  "low".  It  publishes  this  situation.  The 
glossopharyngeal  nerve  is  "listening  to "  the  carotid  oxygen  sensor,  and  sends  this  information  to 
the  medulla  cardio  regulatory  object.  This  is  Event  A.  The  cardio  regulatory  object  takes  action 
upon  obtaining  this  message,  but  the  action  that  it  takes  depends  upon  the  results  of  calculations 
in  conjxmction  with  other  information  it  has  received.  One  of  two  possible  messages  are 
transmitted  in  Event  B.  Notice  that  the  recipient  object,  the  Vagus  Nerve,  receives  both  messages. 
The  Heart  object  is  the  recipient  of  the  transmitted  message  (interaction)  from  the  Vagus  nerve 
object.  This  transmission  is  Event  C.  The  Heart  object  is  told  to  either  increase  or  decrease  the  heart 
rate  (an  attribute),  depending  upon  which  message  was  transmitted: 
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Figure  3.  Event  Trace  Diagram  for:  "Low  Oxygen  Levels  from  Carotid  02  Sensor" 


In  the  next  event,  termed  the  "Response  to  Irritant"  event,  the  "Bronchiole  Irritant  Sensor"  is  alerted 
to  the  presence  of  an  irritant.  Such  an  irritant  could  arise  from  particulate  matter  in  a  particle  cloud 
associated  with  battlefield  smoke.  The  local  response  of  the  irritant  sensor  is  given  in  this  event 
trace  diagram.  Physiologically,  this  local  response  is  a  histamine  release.  This  has  the  effect  of 
constricting  the  air  passageways  in  the  bronchia.  This  activity  is  what  is  modeled  in  the  above 
diagram.  Event  A  is  a  "constrict  bronchia"  message.  This  is  incorporated  into  the  Object  Model 
Template  as  an  interaction. 

The  presence  of  an  irritant  in  the  bronchia  region  causes  other  events  in  addition  to  the  local  release 
of  histamine.  It  also  induces  the  "Cough  Sequence".  This  sequence  of  events  involves  respiration 
regulatory  centers  in  the  medulla,  as  well  as  muscles  of  respiration,  lungs,  epiglottis,  and  the  nerves 
involved  in  transmission.  A  segment  of  the  "Cough  Sequence"  is  presented  in  the  next  figure.  This 
is  only  a  partial  sequence.  The  entire  sequence  is  discussed  in  the  Interactions  subsection. 
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Figure  5.  Event  Trace  Diagram  for:  “Segment  of  a  Cough  Sequence” 
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In  this  segment  of  the  "Cough  Sequence",  the  Pneumotaxic  Integration  Center  object,  which  is  one 
of  the  subclasses  of  the  respiratory  regulatory  center  objects  in  the  medulla,  has  already  been 
informed  of  the  presence  of  an  irritant.  In  Event  A,  it  contacts  the  Inspiratory  Center  object  with 
a  message  to  initiate  an  "inhale".  This  initiation  commences  (Event  B)  with  the  Inspiratory  Center 
object  telling  the  Phrenic  Nerve  object  to  transmit  a  message.  The  Phrenic  Nerve  object  sends  the 
Diaphragm  object  a  message  to  contract. 

3.6  Interactions 

The  interactions  which  are  modeled  in  the  Physiological  SOM  are  actions  internal  to  the  body, 
involving  objects  that  are  part  of  the  respiratory  or  cardiovascular  systems  or  their  respective 
regulatory  centers  in  the  medulla.  Some  of  these  interactions  can  occur  in  response  to  an  external 
event  (stimulus).  Many  of  these  interactions  are  part  of  the  cascade  of  events  starting  from  the 
introduction  of  a  stimulus.  As  such,  they  involve  a  modification  to  the  attribute  values  associated 
with  the  physiological  objects. 

An  excerpt  of  the  Interactions  structure  of  the  Physiological  SOM  is  given  in  Table  IV. 

Table  IV.  Excerpt  of  the  Interactions  List  in  the  Physiological  SOM 


» 


Interaction  Structure 

Initiating  Object 

Receiving  Object/Area 

Interaction 

Parameters 

Init/ 

Sense/ 

React 

Class 

Affected 

Attributes 

Class 

Affected 

Attributes 

TissDistrssc 

Lower  Limb  Tissue 

Metobolic  Rate 

Symp  ExtilllocNV 

None 

p02ofTissGrp 

p02  of  Tissue  Grp 

pC02ofriss  Grp 

pC02  Waste 

which  Problem 

TissDistresso 

UpperUmblissue 

MetobolicRate 

SympSubclovionNV 

None 

p02ofTissGrp 

IR 

p02offissue6rp 

whichProblem 

pC02Waste 

pC02ofTissGrp . 

DecreaseHeoitStfok 

VogusNV 

None 

Heort 

StrokeVolume 

Amount 

!R 

IncreoseHeortStroke 

SympotheticCardioc 

None 

Heart 

StrokeVolume 

Amount 

IR 

HeortRoteTrans 

ftjrasymHeaftRate 

MedulloCardioReg 

BPHeortSysMonitor 

VagusNV 

None 

Amount 

IR 

IncreoseHeortRote 

MedullaCordioReg 

BPHeartSysMonitor 

SympotheticCordioc 

None 

Amount 

IR 

DeceoseHeartRate 

MedulloCardioReg 

BPHeortSysMonitor 

VogusNV 

None 

Amount 

IR 

ReloxTronsA 

InspifotoiyCenter 

None 

PhrenicNV 

None 

Amount 

IR 

RelaxTronsB 

ExpiratoryCenter 

None 

AbdomtnolNV 

None 

Amount 

IR  . 

interoostolNV 
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ContractTransA 

InspIrotoryGenter 

None 

IntercoosfolNV 

None 

Amount 

IR 

PhrenicHV 

ConfractTransB 

ExpIrofoiyGenter 

None 

AbdominalNV 

None 

Amount 

IR 

IntercostalNV 

Relax 

ReloxAbdominols 

AbdominalNV 

None 

Abdominal 

Contractionlevel 

Amount 

IR 

Reloxlntemdlnterco 

IntercostalNV 

None 

Internalintercostals 

Contraction  Level 

Amount 

IR 

ReiaxExrernallnterco 

intercostal  NY 

None 

Extemalintercostds 

CbntractionLeve! 

Amount 

IR 

ReloxOiaphragm 

PhrenlcllV 

None 

Diaphragm 

Con  traction  Level 

Amount 

IR 

Controct 

ConfiactDIaphragm 

PhrenicHV 

None 

Diaphragm 

ControctionLevel 

Amount 

Cbntractlntemallnter 

IntercostalNV 

None 

Intemointercostals 

Controctionlevel 

Amount 

IR 

GonfroctExternallnte 

IntercostalNV 

None 

Extemalintercostals 

CbfltractionLevel 

Amount 

(R 

The  strategy  of  this  section  is  to  discuss  the  interactions  within  the  context  of  what  event,  or  set  of 
events,  might  have  caused  such  interactions  to  occur.  This  section  forms  a  bridge  between  the 
objects  of  the  Physiological  SOM  and  the  scenarios  in  which  the  Physiological  SOM  will  participate 
as  one  of  the  federates  of  the  "Human  Response"  to  Stimuli  Federation.  (See  Chapters  5  and  6.)  The 
tactic  is  to  discuss  first  the  interactions  which  are  more  limited  in  scope,  and  which  could  oqcur  in 
a  variety  of  circumstances.  This  will  be  followed  by  a  discussion  of  interactions  which  occur 
sequentially,  involving  numerous  objects.  It  is  interesting  to  note  that  in  the  HLA,  there  is  no 
provision  made  for  bundling  a  set  of  interactions  which  constitute  some  larger  event.  For  example, 
the  "Cough  Sequence",  which  could  occur  as  a  result  of  particulate  irritants  in  battlefield  smoke, 
does  not  exist  as  such  within  the  Object  Model  Template.  Rather,  what  exists  is  the  list  of  separate 
interactions  together  with  any  pubUsh/subscribe  relationships  which  must  be  in  place.  That  is, 
with  regard  to  the  HLA,  the  "Cough  Sequence"  is  a  virtual  interaction.  Within  the  OMT,  there  is 
no  natural  way  to  identify  such  an  interaction. 

Proceeding  with  the  discussion  of  the  interactions,  consider  those  interactions  which  have  the  term 
"Trans"  as  part  of  the  interaction  name.  Such  interactions  indicate  "transmission"  and  involve  a 
particular  nerve  as  either  the  initiating  or  receiving  object.  It  is  noted  the  nerves  serve  to  carry 
information  from  a  physiological  object  to  one  of  the  regulatory  centers  in  the  medulla,  and 
vice-versa. 

The  "Tissue  Distress"  interaction  is  a  base  interaction  class  whose  subclasses  are  distress 
interactions  originating  from  each  of  the  tissue  group  objects.  The  type.of  distress  is  indicated 
through  the  parameters,  which  includes  excess  carbon  dioxide  or  inadequate  oxygen  levels.  The 
recipient  object  of  these  interactions  is  the  appropriate  sympathetic  nerve  (which  serves  the 
particular  tissue  group).  In  the  OMT,  such  partnership  relationships  are  expressed  in  the 
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Associations  Table.  From  a  physiological  point-of-view,  the  nerves  are  merely  conductors  which 
relay  the  information  to  the  appropriate  regulatory  center  in  the  medulla.  In  this  case,  it  is  the 
"Medulla  Vasomotor  Regulator"  center  which  receives  the  forwarding  C'trans")  interaction  from 
the  specific  sympathetic  nerve.  In  response  to  the  situation,  this  regulatory  center  initiates 
interactions  which  are  subclasses  of  the  "Change  Artery  Diameter  Command",  and  which  involve 
either  the  constriction  or  dilation  of  an  artery. 

These  interactions  are  the  "vasomotor"  related  interactions.  They  occur  in  cases  in  which  the  tissue 
groups  are  under  heavy  load,  and  are  not  obtaining  enough  oxygen.  This  would  occur  under 
conditions  involving  physical  exertion.  Also,  a  subset  of  these  interactions  would  occur  in  cases 
of  oxygen  deprivation,  where  the  brain  acts  to  preserve  the  blood  (oxygen)  flow  to  itself.  This 
would  occur  in  the  scenarios  involving  smoke  from  fire. 

Note  that  the  interactions  do  not  capture  all  of  the  activity  that  would  take  place  in  a  scenario.  The 
publish/subscribe  communications  involving  attributes  of  objects  are  also  of  great  importance. 

The  activity  of  the  physiological  heart  as  a  pump,  which  moves  oxygenated  blood  through  the 
circulatory  system  and  which  has  a  cardio-pulmonary  loop  for  the  re-oxygenation  of  blood  plays 
a  major  role  in  insuring  the  continued  metabolic  activity  of  all  body  components.  This  is  captured 
in  the  Physiological  SOM  via  the  "heart"  object,  together  with  its  attributes.  Various  situations 
which  require  a  rapid  change  in  the  value  of  one  of  these  heart  object  attributes,  for  example,  the 
heart  rate  attribute,  are  captured  in  the  interactions  available  in  the  Physiological  SOM.  Qearly, 
relevant  interactions  are  those  which  involve  the  heart  object  as  the  recipient  object.  This  includes 
"Decrease  (or  Increase)  Heart  Stroke  Volume",  "Decrease  (or  Increase  )  Heart  Rate”,  and  the 
associated  "trans"  interactions  involving  the  cardio-regulatory  object  and  the  appropriate  nerve 
(vagus  or  sympathetic  cardiac  nerve).  The  broader  picture  includes  those  interactions  which 
support  the  chain  of  events  leading  to  the  required  change  in  the  heart  rate  attribute  values.  These 
interactions  are  components  of  events  such  as  "Blood  pressure  increase  to  decrease  in  heart  rate" 
and  "Low  oxygen  levels  from  the  carotid  02  sensor",  which  were  presented  in  the  pre\'ious 
subsection.  Note  that  the  start  of  such  events  begins  with  an  organic  sensor  noting  a  change  in  the 
measured  quantity.  This  is  done  by  the  appropriate  nerve  that  subscribes  to  the  attribute  of  the 
appropriate  sensor  that  contains  the  measured  value.  The  nerve  then  conveys  the  information  to 
the  cardio-regulatory  center  in  the  medulla  which  performs  algorithmic  calculations  and  responds 
(issues  interactions)  accordingly.  The  interactions  which  involve  the  nerves  conveying  information 
to  the  medulla  cardio-regulatory  center  in  this  context  are  "Return  to  Normal  p02",  "Low  p02", 
"Increase  BP",  "Decrease  BP". 

These  interactions  would  occur  in  scenarios  involving  smoke  and  gases  other  than  the  usual 
components  of  air. 
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Several  interactions  support  the  initial  reactions  of  the  body  to  particulate  stimuli.  Particulates  act 
as  irritants.  A  physiological  local  response  to  the  presence  of  an  irritant  in  the  bronchia  region  is 
the  release  of  histamines  which  serve  to  constrict  the  air  passageways.  This  is  supported  by  a 
"Constrict  Bronchioles"  interaction.  There  is  a  more  complex  cascade  of  reactions  caused  by  the 
presence  of  an  irritant  which  results  in  a  cough  sequence.  These  are  initiated  by  the  class  of  Imtant 
Sensed"  interactions  with  the  recipient  object  (of  the  subclasses)  the  "irritant  sensed"  interaction 
being  the  Pneumotaxic/Integration  Center  in  the  meduUa.  This  center  is  a  subclass  of  the 
respiratory  regulatory  center  in  the  medulla.  Finally,  we  allow  for  the  case  in  which  the  initial 
recipient  of  the  stimuli  is  the  class  "Body  Environ  Matrix",  by  including  an  interaction  from  that 
class  to  the  appropriate  irritant  sensor. 

The  remaining  interactions  of  the  Physiological  SOM  support  the  process  of  breathing.  These 
remaining  interactions  can  be  divided  into  two  main  groups.  In  the  first  group,  the  interactions 
involve  the  regulatory  centers  in  the  medulla  that  deal  with  respiration.  It  is  these  object  classes 
that  host  the  algorithms  governing  the  physiological  breathing  control.  This  group  involves 
interactions  such  as  "start  expiratory",  "change  cycle  time",  etc.  The  second  group  of  remaining 
interactions  is  concerned  with  the  behavior  of  the  muscles  of  respiration,  and  the  neives  which 
communicate  the  instructions  from  the  regulatory  centers  in  the  medulla  to  these  muscles. 
Interactions  belonging  to  this  group  include  those  that  are  subclasses  to  "relax"  and  "contract ,  and 
the  relax  or  contract  "trans"  interactions.  ■ 

The  scenario  section  of  Chapter  5  contains  further  details  on  the  proper  utilization  of  the 
interactions. 

3.7  Integration 

V\^th  any  complex  coupled  system,  the  integration  of  modes  of  interaction  of  the  major  subs}‘stems 
becomes  crucial.  This  applies  to  the  cardiovascular  and  the  respiratory  systems.  Up  rmtil  now,  the 
focus  has  been  on  elucidating  the  objects  and  interactions  together  with  the  their  attributes  and 
parameters.  During  this  exposition,  the  role  of  the  objects  in  modeling  the  anatomical  features  most 
relevant  to  physiological  processes  and  the  role  of  the  interactions  and  publish /subscribe 
relationships  in  capturing  these  processes  have  been  addressed  at  all  but  the  integration  level.  The 
regulatory  objects  in  the  medulla  have  been  discussed  in  terms  of  their  connections  to  "input”  and 
"output"  details  (see  3.5  and  3.6),  but  the  overall  integration  has  not  yet  been  addressed. 

The  "pneumotaxic/integration"  center  is  responsible  for  providing  the  integration  between  the 
respiratory  and  cardiovascular  systems.  The  regulatory  objects  of  the  cardiovascular  system  are  the 
cardioregulatory  center  and  the  vasomotor  regulatory  center.  The  "pneumotaxic/integration" 
center  must  listen  on  the  behavior  of  these  cardiovascular  centers  by  utilizing  HLA  provided 
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subscription  services  to  the  attributes  of  said  centers,  in  particular  the  "BPMonitorTIssues  and  the 
"BPHeartSysMonitor"  attributes.  Also,  the  "pneumotaxic/integration"  center  receives  intonnation 
due  to  the  irritant  sensors  via  an  interaction  service.  Additionally,  this  center  must  be  a^vare  of  the 
pH  (from  chemical  sensor)  information.  This  information  relay  is  supported  in  an  interaction 
structure  in  which  the  receiver  is  the  "MedullaReceiveSendCompute”  object.  Subscription  (to 
interactions),  together  with  inheritance,  can  deliver  this  information  to  the  integration  center. 

The  inspiratory  and  expiratory  regulatory  centers  in  the  medulla  regulate  respiratory  inspiration 
and  expiration.  They  originate  commands  to  the  muscles  of  inspiration/ expiration  transmitted  via 
the  nerve  conduits.  In  the  case  of  normal  breathing,  there  is  a  periodic  osdllation  set  up  between 
these  two  centers;  when  one  is  in  a  high  activity  state  the  other  is  not.  The  number  of  times  this 
cycle  of  inspiration/ expiration  ocairs  per  minute  yields  the  respiratory  rate.  Thus,  the  respiratory 
rate  is  not  an  ad  hoc  quantity  in  this  effort,  but  is  a  quantity  determined  by  the  activity  of  the 
modeling  for  greater  physiological  fidelity.  (The  respiratory  rate  is  also  a  clinical  quantity  which 
is  understood  by  the  human  mannequins.  See  Chapter  6.) 

Physiologically,  the  "pneumotaxic/integration’'  center  is  capable  of  resetting  the  operational  cycle 
time  between  the  inspiratory  and  expiratory  centers.  This  functionality  is  supported  in  the 
modeling  by  the  interaction  "ChangeCyclelime",  which  will  affect  the  attribute  "Cycle  lime"  of  the 
recipient  centers.  Of  course,  the  decision  as  to  when/how  much  to  effect  this  change  must  be 
implemented,  algorithmically,  in  a  manner  faithful  to  the  governing  physiological  principles  which 
requires  the  information  from  the  cardioregulatory  and  vasomotor  centers. 
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Chapter  4— Development  of  the  Stimuli  Simulation  Object 
Model 

4.1  Initial  Approach 

The  point-of-view  that  was  adopted  in  the  development  of  the  Stimuli  SOM  is  that  an  indi\'idual 
stimulus  is  a  stimulus  precisely  because  it  is  capable  of  evoking  a  reaction  in  a  recipient  object.  In 
this  project,  the  object  is  considered  to  be  the  human  body  with  the  capabilities  and  performance 
of  the  body  specified  through  the  Physiological  SOM. 

This  view-point  was  fully  manifest  in  the  first  approach  taken  in  the  development  of  the  Stimuli 
SOM.  It  is  noted  that  this  approach  was  found  to  be  xm- workable  and  was  discarded.  In  this  first 
approach,  the  idea  of  a  stimulus  being  of  interest  only  if  the  stimulus  had  an  impact  upon  some 
physiological  component  resulted  in  the  requirement  that  the  Stimuli  Federate  should  be  able  to 
calculate  the  first  order  response  of  the  human  body.  This  means  that  the  Stimuli  Federate  must 
know  the  "state"  of  the  recipient  human  body.  This  results  in  grave  scalability  issues,  xvhich  are 
illustrated  in  the  following  example. 

4.2  Scalability  Issues  ' 

Suppose  that  a  stream  of  "air"  consisting  only  of  carbon  monoxide  is  blowing  toward  the  human 
body.  As  carbon  monoxide  will  displace  oxygen  in  binding  to  hemoglobin,  breathing  of  carbon 
monoxide  for  a  sufficient  period  of  time  will  prove  fatal.  So  the  stimuli  "knows"  its  effect  upon  the 
body,  it  "knows"  that  it  is  lethal.  However,  what  if  the  body  is  wearing  a  mask  and  is  breathing  a 
self  contained  air  supply.  Then  the  stimuli  is  not  lethal  due  to  intervening  environmental  factors. 
Of  course,  a  Stimuli  Federate  could  request  environment  information.  However,  consideration  of 
other  possible  and  reasonable  scenarios  indicate  that  the  amount  of  information  needed  by  the 
Stimuli  Federate,  in  order  to  calculate  the  first  order  effect  it  will  have  on  the  human  body  will 
only  grow.  For  example,  what  if  the  mask  is  cracked.  Is  it  a  hairline,  or  larger  crack?  What  if  there 
is  a  malfunction  in  the  self-contained  air  supply?  What  is  the  amount  of  air  left  in  the  self  contained 
breathing  unit?  It  is  clear  that  the  Stimuli  Federate  would  have  to  subscribe  to  an  increasing 
number  of  attributes  that  are  involved  in  specifying  a  local  environment  in  order  to  calculate  the 
first  order  response  of  the  body  to  the  stimuli. 

The  objection  could  be  raised  that  the  focus  of  this  project  should  really  be  on  the  Stimuli  and  on 
the  Body  Physiology,  and  should  not  take  any  environmental  factors  into  accoiint.  This  restriction 
would  unduly  restrict  the  scenarios  that  could  be  investigated  in  a  "Stimuli-Human  Response" 
Federation.  However,  even  if  this  onerous  restriction  were  to  be  adopted,  the  scalability  issue  does 
not  disappear. 
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Consider  a  human,  represented  by  the  Physiological  Federate,  that  is  in  the  process  of  normal 
breathing.  The  Stimuli  Federate  supplies  a  stream  of  carbon  monoxide.  In  order  for  the  Stimuli 
Federate  to  calculate  the  true  first  order  response  of  the  body  at  that  instant  in  time,  it  is  necessary 
for  the  Stimuli  Federate  to  know  at  what  point  in  the  breathing  cycle  the  stimulus  is  actually 
received.  In  order  to  acquire  this  information,  the  Stimuli  Federate  would  have  to  subscribe  to 
multiple  attributes  of  objects  in  the  Physiological  Federate.  The  Stimuli  Federate  would  find  itself 
in  the  position  of  trying  to  calculate  the  state  of  the  body  but  this  is  precisely  the  function  of  the 
Physiological  Federate.  Moreover,  the  meaning  of  "state  of  the  body"  needed  in  order  to  for  the 
Stimuli  Federate  to  generate  the  first  order  response  will  vary  from  stimulus  to  stimulus. 

The  end  result  of  this  segment  of  the  investigation  is  to  require  that  the  Physiological  Federate 
calculate  the  state  of  the  body.  Of  course,  the  structure  of  the  Physiological  Federate  is  a  reflection 
of  what  is  in  the  Physiological  SOM.  To  conclude,  the  first  order  response  of  the  body  is  not 
determined  by  the  Stimuli  Federate.  A  ramification  of  this  is  that  structure  of  the  Stimuli  SOM  will 
not  include  physiological  objects. 

4.3  Scalable  Approach  and  Object  Identification 

The  approach  to  constructing  the  adopted  StimTili  SOM  is  a  scalable  one.  In  the  Stimuli  SOM,  only 
the  classes  and  subclasses  pertain  to  the  stimuli  themselves.  Of  course,  the  selection  of , which 
stimuli  to  include  is  open  ended. 

In  keeping  with  the  basic  view  point  that  stimuli  are  that  which  elicit  a  response,  the  human 
recipient  was  chosen  to  be  a  measure  of  what  stimuli  are  important.  In  a  very  real  sense,  the 
Physiological  SOM  guided  the  development  of  the  Stimuli  SOM.  Since  the  Physiological  SOM  is 
focused  upon  the  respiratory  and  cardiovascular  systems,  the  stimuli  of  primary  interest  are  those 
which  would  affect  either  of  these  systems.  An  additional  requirements  is  the  suite  of  stimuli  be 
of  interest  to  both  military  and  commercial  sectors. 

The  focal  point  for  the  stimuli  development  was  selected  to  include  elements  which  would  be 
present  in  "battlefield  haze"  or  at  the  scene  of  a  fire.  These  include  gases,  particulate  matter,  and 
the  potential  of  toxic  vapor  clouds.  A  secondary  group  of  stimuli  include  certain  medical  drugs 
which  have  specific  effects  on  the  respiratory  system. 

The  structure  of  the  Stimuli  SOM  is  largely  flat.  The  depth  of  the  class  structure  is  only  one  more 
than  the  initial  base  class  level.  A  reprise  of  the  object  classes  shows  the  base  classes  as  given  in  the 
following  Table  V. 
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Table  V.  Base  Class  Structure:  Stimuli  SOM 


Air  Mixture  (PS) 

Smoke  Gas  Mixture 

Local  Particle  Cluster  Cloud 

Local  Chemical  Vapor  Cloud 

Volatile  Chemical  Vapor  Cloud  (PS) 

Gas 

subclasses  exist 

Particle  Cluster  Cloud  (PS) 

Medical  Drugs 

subclasses  exist 

Note  that  only  three  of  the  base  classes  are  designated  PS  (publishable/ subscribable ).  Ordinarily 
this  would  not  elicit  comment  as  it  would  be  a  member  of  a  subclass  which  would  be  instantiated 
and  be  designated  "PS".  However,  in  this  case,  only  two  of  the  base  classes  have  subclasses. 
Moreover,  neither  of  the  members  of  these  subclasses  are  designated  "PS".  Also,  it  appears  that 
some  stimuli  were  listed  twice.  Consider  the  case  of  the  "local  Chemical  Vapor  Cloud”  and  the 
"Volatile  Chemical  Vapor  Qoud".  In  the  first  case,  the  stimuli  is  local.  It  is  considered  to  be^  in  the 
immediate  vicinity  of  the  "virtual  human";  essentially  co-located  spatially  with  the  recipient  body. 
In  the  second  case,  the  Chemical  Vapor  cloud  is  considered  to  be  global;  i.e.,  some  distance  away 
from  the  "virtual  human".  Note  that  local  stimuli  (not  designated  "PS")  which  have  no  global 
counterpart  are  those  in  the  subclasses  of  the  "Medical  Drugs". 

Certain  stimuli  which  are  intended  to  be  "global"  can  be  impacted  by  other  environmental  factors, 
such  as  weather.  For  example,  suppose  a  volatile  chemical  vapor  cloud  having  fairly  large  diameter 
is  created.  In  the  event  of  a  strong  wind  blowing  in  a  specified  direction,  the  chemical  vapor  cloud 
may  follow  a  ground  track  which  adversely  affects  more  humans  (virtual  humans)  than  would 
have  been  the  case  without  the  weather.  Alternatively,  a  storm  may  serve  to  disperse  the  cloud. 
Terrain  features  come  into  play  in  the  movement  of  a  global  stimulus.  The  longevity  of  a  vapor 
cloud  in  a  valley  ringed  by  movmtains  on  three  sides  with  a  temperature  inversion  occurring  is 
most  likely  different  from  the  longevity  of  that  same  cloud  in  a  plains  region.  One  ancillary  area 
of  interest  given  impetus  by  this  work  is  that  of  tying  a  specific  stimulus  into  a  weather  generator 
or  an  enviroiunental  framework.  This  is  discussed  further  in  Chapter  6. 

A  key  requirement  is  that  non-visual  stimuli  are  to  be  represented,  and  this  representation  is  to  be 
transmitted  within  the  context  of  the  High  Level  Architecture.  That  implies  that  the  recipient  of  the 
stimuli  must  "react"  to  the  stimuli.  However,  we  have  taken  the  scalable  approach  so  that  the 
stimuli  will  not  be  calculating  part  of  the  recipient's  response.  It  is,  therefore,  crucial  that  the 
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characterization  of  the  stimuli  involve  sufficient  information  of  the  "correct  type"  so  the  recipient 
body  can  calculate  a  physiologically  correct  response  and  manifest  it  via  a  change  in  the  attributes 
values  and  perhaps  overall  state. 

One  of  the  limitations  of  this  approach  is  the  lack  of  any  cognitive  modeling.  No  higher  brain 
functions  or  volitional  choices  of  response  are  modeled.  Thus,  only  stimuli  which  reside  in  the 
physical  domain  are  properly  included  in  this  Stimuli  SOM. 

It  is  through  the  attributes  of  the  stimuli  objects  that  the  identity  of  a  particular  stimulus  is  known. 
The  attributes  are  responsible  for  conveying  the  nature  of  each  non-visual  stimuli.  This  is  discussed 
in  the  following  subsection. 

4.4  Informational  Attributes  and  Physical  Attributes:  Convey  the  Stimulus 

Consider  the  "Volatile  Chemical  Vapor  Cloud"  stimulus,  which  is  an  object  in  the  Stimuli  SOM. 
It  is  clear  that  in  order  to  describe  the  cloud  in  relation  to  some  spatial  reference  point,  certain 
physical  parameters  must  be  specified.  These  include  the  "diameter"  of  the  cloud,  its  "altitude"  and 
"location  (in  lat-long  or  XY  coordinates)",  its  "speed"  and  "direction  of  motion".  The  "concentration" 
of  the  chemical  constituting  the  vapor  cloud  is  a  measure  of  the  strength  of  the  cloud.  These  are  aU 
attributes  of  the  object  "volatile  Chemical  Vapor  Cloud". 

In  a  similar  manner,  the  physical  constituents  of  the  "Smoke  Gas  Mixhire"  object,  the  size 
(diameter)  of  the  "local  Particle  Cluster  Cloud",  etc.,  are  attributes  which  relate  to  the  physical 
nature  of  a  stimulus. 

Consider  the  case  of  the  vapor  doud.  None  of  these  attributes  describes  just  what  the  vapor  doud 
is  in  relation  to  the  redpient  of  the  stimulus.  Would  a  listing  of  the  chemical  formula  be  sufndent 
to  describe  what  the  cloud  is?  How  would  this  be  useful  to  a  recipient  when  that  redpient  is  the 
virtual  human?  Would  the  virtual  human  have  enough  information  to  react  properly? 
Alternatively,  what  information  would  be  required  by  the  virtual  human  in  order  to  "prcKess"  a 
stimulus? 

Again,  it  is  the  use  of  a  virtual  human  as  the  redpient  of  the  stimuli  that  shapes  the  nature  of  the 
information  that  must  be  carried  by  a  stimulus.  The  additional  attributes  which  convey  the  identity 
of  the  stimuli  vis-a-vis  the  redpient  virtual  body  are:  (1)  "Identity  Profile",  (2)  "Potential  Level  of 
Injury",  (3)  "Immediacy  of  Effect",  and  (4)  "Target  System".  Great  use  has  been  made  of  the 
Complex  Data  Types  feature  of  the  OMT  as  well  as  the  Enumerated  Data  Types.  These  four 
attributes  constitute  the  methodology  by  which  the  non-visual  stimuli  are  conveyed  to  the  redpient 
body. 
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An  excerpt  of  the  Attributes  List  in  the  Stimuli  SOM  which  exhibits  the  Informational  Attributes 
is  presented  in  Table  VI. 

Table  VI.  Excerpt  of  the  Attribute  List  in  the  Stimuli  SOM.  The  datatype  of  the  attribute  is 
listed  in  addition  to  the  attribute  name. 


Object/Interaction 

Attribute/Parameter 

Datatype 

airMixture 

per02 

float 

perN2 

float 

perC02 

float 

altitude 

float 

PotLeveloflnjury 

GenericinjuryLevellnfo 

ImmediacyofEffect 

ImmediacyofEffectData 

TargetSystem 

string 

Identity  Profile 

IdentityProfileData 

LocationXY 

XYCoorData 

localParticleClusterCloud 

SizeofParticles 

float  1 

ImmediacyofEffect 

ImmediacyofEffectData  i 

PotLeveloflnjury 

GenericinjuryLevellnfo 

IdentityProfile 

IdentityProfileData 

TargetSystem 

string 

localChemicalVaporCloud 

Concentration 

float 

IdentityProfile 

IdentityProfileData 

ImmediacyofEffect 

ImmediacyoEffectData 

TargetSystem 

string 

PotLeveloflnjury 

GenericinjuryLevellnfo 
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An  excerpt  of  the  Complex  Data  Type  List  is  presented  in  Table  W. 

Table  VII.  Excerpt  of  the  Complex  Data  Types  table  listed  in  the  Stimuli  SOM.  Only  the  Field 
Name  and  Data  Type  are  given.  _ _ 


Complex  Datatype 

Field  Name 

Datatype 

ParticIeSizeGroupList 

SmaKSize 

boolean 

Me(diumSize 

boolean 

LargeSize 

boolean 

XYCoorData 

X 

float 

Y 

float 

IdentityProfileData 

BronchoDila 

boolean 

Bronchiocon 

boolean 

Aveloilnflam 

boolean 

ModifyAirPr 

boolean 

ModifyAmbI 

boolean 

ModifyAmbi 

boolean 

BindHEM 

boolean  » 

Ge  ne  riel  n  j  u  ry  Le  ve  1 1  nfo 

Level 

InjuryLevelD 

Pctentialnjur 

The  "Identity  Profile"  makes  use  of  the  complex  datatype  "Identity  Profile  Data".  The  fields  are  a 
list  of  questions  to  which  the  stimulus  must  respond  true  or  false.  (The  datatype  for  these  fields  is 
Boolean.)  These  include  questions  such  as  "Bronchio  Constrictor?",  "Bronchio  Dilator?",  "A^'^eoli 
Inflammatory?",  "Modify  Ambient  Air  Properties?",  "Bind  Hemoglobin?",  etc.  The  "Identity  Profile 
Data"  contains  questions /answers  of  interest  to  the  virtual  patient  as  it  is  presently  constituted.  It 
is  up  to  the  virtual  patient  to  decide  how  to  handle  the  stimuli.  A  cautionary  note  is  in  order  here.  In 
specifying  the  Boolean  Set  in  the  "Identity  Profile  Data"  which  comprises  a  particular  "Identity 
Profile",  it  is  important  that  only  one  interrogative  be  marked  as  TRUE;  the  interrogative  which  can 
be  considered  to  be  the  primary  possible  effect  that  the  particular  stimulus  has  on  the  body. 

A  failure  to  heed  this  cautionary  note  could  result  in  ambiguities  and  possible  inconsistencies. 
Which  particular  interrogative  would  be  associated  with  the  information  in  the  "Potential  Level 
of  Injury"  information?  As  it  is  presently  designed,  the  "Potential  Level  of  Injury  Profile”  can 
provide  information  as  to  thepotentiallevelof  injxuy  atvariousdosages/ amotmts/ concentrations. 
However,  what  if  a  stimulus  could  result  in  injury  to  multiple  subsystems,  or  in  multiple  ways  over 
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various  periods  of  time?  For  example,  suppose  that  the  presence  of  particulate  matter  results  in 
coughing  if  the  particles  are  of  a  certain  size  range.  However,  let  us  just  suppose  that  these  particles 
serve  to  induce  cancer  if  the  exposure  is  at  a  certain  level.  Furthermore,  suppose  that  the  cancer  will 
not  appear  for  several  years.  The  coughing/ choking  response  and  the  cancerous  growth  response 
cannot  both  be  addressed  in  the  confines  of  the  current  complex  data  structure.  It  is  clear  from  the 
context  of  this  effort  that  we  are  interested  in  the  immediate  response  of  the  coughing.  That,  for  our 
purposes,  is  the  identity  of  the  particulate  matter  vis-a-vis  the  virtual  body  (patient). 

The  "Identity  Profile"  can  be  expanded  in  several  ways.  First,  new  fields  could  simply  be  added  to 
the  "Identity  Profile  Data",  containing  the  new  questions.  This  is  a  flat  extension.  This  flat  extension 
would  be  able  to  serve  other  stimuli  which  are  simple.  By  a  simple  stimulus,  we  mean  a  stimulus 
which  has  one  simple  identity  vis-a-vis  the  body.  Also,  we  consider  a  stimulus  to  be  simple  if  it  can 
be  considered  to  have  one  simple  identity  vis-a-vis  the  body  in  the  conceptual  space  in  which  the 
virtual  body  is  being  modeled. 

Alternatively,  certain  stimuli  might  evoke  multiple  direct  responses  from  the  body.  This  is  in 
contrast  to  a  response  which  starts  as  single-pointed,  although  it  can  cause  a  cascade  of  events 
through  the  physiological  system  dependencies.  These  multiple  direct  responses  could  be 
occurring  on  different  time  scales,  providing  the  conceptual  space  of  the  modeling  was  broad 
enough  to  encompass  these  time  scales.  For  example,  a  time  scale  of  48  hours  might  be  of  interest 
in  a  battlefield  injxiry  scenario,  whereas  a  time  scale  of  a  decade  probably  would  not  be  of  interest 
from  the  battlefield  medical  point-of-view.  Such  stimuli  are  termed  complex  stimuli.  To  achieve 
proper  representation  of  these  non-visual  stimuli,  vis-a-vis  the  human  body,  will  require  a  more 
evolved  set  of  complex  data  structures. 

This  situation  grows  more  complex  if  other  physiological  subsystems  are  included  as  part  of  the 
virtual  patient.  For  example,  if  the  epidermal  system  is  included  as  a  component  system,  an 
additional  part  of  the  identity  of  a  vapor  doud,  vis-a-vis  the  human  body,  might  be  "caustic".  The 
skin  could  be  burned  as  a  result  of  this  stimuli.  This  is  in  addition  to  the  effect  of  the  stimulus  on 
the  lungs.  Thus,  a  more  complex  structure  for  the  "Identity  Profile"  is  required  if  the  virtual  patient 
grows  more  complex. 

Consider  further  this  same  stimulus  of  the  particle  doud.  Let  the  redpient  be  the  human  body. 
Reflection  on  the  nature  of  a  partide  doud  which  envelops  the  recipient  suggests  that  unprotected 
eyes  will  be  "hit"  by  particles.  The  eyes  will  then  tear.  There  are  no  interrogatives  in  the  'Identity 
Profile"  data  which  deal  with  watering  eyes,  alttiough  this  is  clearly  one  generic  part  of  the  identity 
of  the  stimulus  with  respect  to  the  human  body.  Moreover,  if  there  were  such  an  interrogative,  it 
would  have  to  be  presented  in  the  context  of  a  second  generation  complex  data  structure 
representing  the  "Identity  Profile". 
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This  is  a  push/ pull  situation  which  will  require  the  development  of  a  second  generation  group  of 
Informational  Attributes  to  properly  represent  and  convey  the  non-visual  stimuli.  The  push 
proceeds  from  recognition  that  certain  stimuli  are  complex  with  respect  to  their  possible  effects  on 
even  the  simplest  reasonable  representation  of  the  body.  The  pull  will  result  from  a  development 
of  the  virtual  patient  to  incorporate  additional  physiological  subsystems  (at  perhaps  greater  levels 
of  resolution)  which  interact. 

The  second  of  these  informational  attributes  is  the  "Potential  Level  of  Injury",  This  attribute  bundles 
information  on  the  potential  level  of  injury  that  is  nominally  associated  with  a  stimulus.  The 
stimulus  does  not  calculate  what  actually  occurs  in  the  virtual  patient.  Moreover,  the  attnbute 
cardinality  is  "1+",  so  that  multiple  potential  levels  of  injury  can  be  communicated.  For  example, 
it  is  known  that  for  a  range  of  dosage  exposures  to  mustard  gas,  that  stimulus  is  lethal.  For  a  range 
of  different  dosages,  there  is  an  array  of  different  nominal  effects.  The  datatype  for  this  attribute 
is  a  complex  data  type,  the  "Generic  Injury  Level  Info".  It  consists  of  two  fields;  the  first  is  "Level" 
and  the  second  field  is  "Potential  Injmry".  The  datatjqje  of  "Potential  Injury ",  called  the  "Injury 
Level  Data",  is  an  enumerated  datat)q)e,  also  a  special  type  provided  by  the  OMT. 

The  third  of  these  informational  attributes  is  the  "Immediacy  of  Effect".  Again,  this  is  xmderstood 
to  be  nominal  information.  It  is  up  to  the  virtual  patient  recipient  to  calculate  the  actual 
physiological  effects.  The  "Immediacy  of  Effect"  attribute  has  datatype  "Immediacy  of  Effect  Data", 
which  is  an  enumerated  datatype,  as  provided  for  in  the  OMT.  Entries  in  the  "Immediacy  of  Effect 
Data"  include  "immediate", "  seconds",  "few  minutes",  etc.  Additional  entries  can  be  easily  added. 

The  final  informational  attribute  requires  that  the  stimulus  list  a  "Target  System".  This  system 
should  be  some  physiological  component.  The  specificity  of  "Target  System"  should  depend  upon 
the  specificity  of  the  stimulus.  Although  the  effects  of  the  stimulus  on  the  recipient  body  may 
cascade  through  a  multitude  of  interdependent  physiological  systems,  the  stimulus  is  required  to 
specify  a  primary  target.  No  list  of  such  targets  is  given.  This  is  done  intentionally  so  as  not  to 
predetermine  the  level  of  potential  interaction.  It  is  up  to  the  virtual  patient  to  determine  how 
information  as  to  the  specified  target  system  is  utilized.  The  datatype  for  this  attribute  is  a  string. 

For  a  particular  stimulus,  the  information  that  is  conveyed  through  these  attributes  is  fixed.  V^fith 
regard  to  update  type  in  the  OMT  specification  for  the  attributes,  the  selection  must  be  "Static".  The 
only  situations  for  which  the  information  profile  on  a  particular  stimulus  should  be  modified  are 
(1)  more  information  concerning  the  stimulus  becomes  known,  and  this  new  information  either 
extends  or  supersedes  previous  information,  and  (2)  the  resolution  of  the  information  given  is  too 
coarse,  and  more  detailed  information  should  be  conveyed. 
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This  same  approach  to  conveying  pertinent  information  about  a  non-visual  stimulus  that  the 
recipient  of  said  stimulus  will  need  in  order  to  determine  its  effect  on  the  recipient  can  be  adopted 
for  cases  in  which  the  recipient  is  not  the  human  physiological  system.  The  key  lies  in  determining 
the  nature  of  the  stimulus  vis-a-vis  the  recipient.  The  process  involves  delineating  the  information 
that  will  convey  this  nature  to  the  recipient  in  a  form  that  the  recipient  can  utilize  in  order  to 
calculate  effect. 


4.4.1  Extended  Discussion  on  Informational  Attribute  Structure 

These  informational  attributes  form  a  set  of  attributes,  the  details  of  which  must  be  tailored  to  each 
new  stimulus.  Serious  questions  concerning  the  efficacy  and  adequacy  of  the  set  of  informational 
attributes  arise.  Since  this  structure  is  the  means  by  which  the  non-visual  stimuli  are  to  be 
conveyed  to  the  recipient  body,  any  concerns  regarding  the  attributes  translate  into  concern  over 
the  ability  to  represent  (and  then  transmit )  the  hon-visual  stimuli. 


Consider  the  question  of  orthogonality  among  the  informational  attributes  themselves  and  with 
regard  to  the  physical  attributes  which  characterize  the  stimuli.  Orthogonality  refers  to  the 
independence  of  the  information  being  addressed  by  each  of  the  informational  attributes  and  other 
attributes.  V^^thout  this  independence,  a  situation  could  arise  in  which  the  specification  of  two 
different  attributes  caused  an  inconsistency  or  an  error  in  the  representation  of  the  stimulus-  Take 
as  an  example  the  "Potential  Level  of  Injury "  attribute.  The  truth  of  the  potential  level  of  injury 
may  depend  on  the  quantity  of  the  stimulus  which  is  present.  This  potential  level  of  injury  may 
vary  from  minor,  if  the  amount  (or  size ,  dose,  concentration,  etc.)  is  "small",  to  lethal,  if  the  amount 
is  large.  Thus,  there  is  a  dependency  of  the  "Potential  Level  of  Injury"  due  to  the  "amount  of  the 
stimulus  that  is  present.  In  this  case,  the  situation  is  remedied  by  the  development  of  a  complex 
data  structure  that  allows  for  multiple  (unbounded  sequence)  of  "Potential  Level  of  Injury"  due  to 
a  stimulus,  each  of  which  is  associated  with  a  level  of  presence  of  the  stimulus.  The  hidden 
dependence  is  removed  at  the  lowest  level  by  requiring  a  "coordinate"  to  describe  the  potential 
level  of  injuries,  the  fields  given  by  the  amount  of  stimuli,  and  the  associated  potential  level  of 
injury. 


No  other  non-prthogonalities  were  discerned  in  this  set  of  attributes,  as  long  as  simple  stimuli  are 
considered. 


The  basic  thesis  imderlying  the  approach  to  representing  and  transmitting  the  non-visual  stimuli 
is  that  of  an  implicit  coupling  exiting  between  the  stimuli  and  the  recipient.  A  discussion  of  this 
viewpoint  has  helped  to  elucidate  the  requirements  for  representing  the  simple  stimuli.  In 
summary,  discussions  with  the  medical  consultant  led  to  the  requirement  that  the  physical  body 
demand  information  as  to:  (1)  how  much  of  the  stimulus  is  present,  (2)  what  is  the  nominal  level 
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of  injury  due  to  the  stimulus  in  the  amount  present,  (3)  how  fast  acting  is  the  stimulus,  (4)  what  are 
the  "features"  (identity)  of  the  stimulus  vis-a-vis  my  categories  of  concern,  and  (5)  what's  the 
primary  target  system. 

Are  the  stimuli  adequately  represented  for  use  by  the  body?  Can  the  body  calculate  its  new  state 
based  upon  the  presence  of  the  stimuli? 

The  informational  attributes  and  their  structure  can  convey  the  required  information  on  a  simple 
stimulus  to  the  body.  However,  it  is  inciunbent  upon  the  recipient  to  embody  some  level  of 
organization  in  handling  and  processing  incoming  simple  stimuli.  This  is  reasonable  in  light  of  the 
fact  that  the  very  identity  profile  of  the  stimuli  are  cast  in  the  categories  that  are  relevant  to  the 
recipient.  Let  us  assume  that  a  future  software  implementation  of  the  Physiological  SOM  can 
calculate  its  state  in  the  absence  of  any  stimulus.  Let  us  assume  that  the  body  is  in  a  normal 
breathing  mode,  and  that  all  internal  calculations  which  must  be  done  to  advance  the  state  of  die 
body  in  time  are  able  to  be  performed.  The  introduction  of  a  stimulus  would  affect  one  or  more  of 
the  attributes  which  are  needed  by  the  body  in  the  calculation  of  its  internal  state.  A  software 
implementation  of  the  body  must  bring  in  this  information,  and  properly  utilize  it.  Through  the 
framework  of  the  HLA,  the  information  can  be  brought  into  the  body.  The  framework  for 
representation  of  the  stimuli  was  designed  so  as  to  allow  for  the  transmittal  of  simple  stimulus 
information  in  the  "right  form"  that  could  be  used  by  a  "smart  body".  ' 

At  this  stage,  it  is  believed  that  the  structure  of  the  Stimuli  SOM,  subject  to  its  inclusion  in  a  FOM 
with  much  input  from  Physiological  SOM ,  and  under  the  umbrella  of  a  set  of  selected  scenarios, 
will  prove  adequate  to  the  task  of  conveying  non-visual  simple  stimuli.  It  requires  an  actual 
implementation  to  take  this  question  further. 

4.4.2  On  the  Future  Informational  Attribute  Structure:  Simple  Stimuli  versus  Complex  Stimuli  and 
Extensive  Physiological  Modeling  versus  Minimum  Systems 

At  present,  the  "human  body"  recipient  is  a  SOM  which  represents  the  respiratory  and 
cardiovascular  systems  in  a  coupled  manner,  with  the  intrinsic  ability  to  simulate  respiratory 
activity,  albeit  at  a  certain  level  of  resolution.  At  present,  the  Stimuli  SOM  consists  of  stimuli  which 
enjoy  a  "simple"  identity  relative  to  the  current  "human  body"  SOM.  Moreover,  there  is  recognition 
of  the  fact  that  these  two  different  SOM's  were  developed  in  the  same  conceptual  space. 

Suppose  that  in  the  future  this  is  implemented  in  software  and  the  physiological  systems  and 
subsystems  which  are  modeled  and  implemented  inci4ase  greatly.  There  will  then  be  more  objects 
in  tile  Physiological  SOM  which  could  be  affected  by  a  given  stimulus.  Of  course,  some  of  the 
objects  would  be  affected  indirecfly,  and  in  the  due  course  of  time  due  to  the  coupling  between  the 
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components  of  the  body  when  it  is  alive  and  breathing.  (This  is  the  current  case.)  However,  it  might 
also  be  the  case  that  more  than  one  physiological  system  or  subsystem  should  be  considered  to  be 
a  "target  system".  In  and  of  itself,  this  is  not  a  problem.  However,  orthogonality  issues  will  arise 
with  regard  to  how  long  the  stimulus  takes  to  have  an  effect,  and  with  the  Identity  Profile  and  its 
connection  to  the  Potential  Level  of  Injury. 

Also,  the  structure  of  the  Identity  Profile  must  be  modified  to  make  sure  no  inconsistencies  in 
representation  of  the  stimuli  vis-a-vis  the  physiological  subsystems  arise.  The  increased  complexity 
of  the  recipient  system  feeds  back  into  the  representation  of  the  Stimuli  and  requires  a  more 
complex  representation  of  the  Stimuli,  since  this  representation  is  done  vis-a-vis  the  recipient  body. 

The  orthogonality  issues  arise  immediately  if  the  particular  stimulus  is  complex;  that  is,  if  it  could 
evoke  multiple  "primary  responses"  from  the  human  body. 

\A^th  regard  to  development  of  a  second  generation  of  Informational  Attributes,  one  possible 
approach  is  to  have  the  "Identity  Profile"  be  the  base  complex  data  type.  All  of  the  other  present 
informational  attributes  would  represent  fields  in  the  "Identity  Profile".  The  present  set  of 
interrogatives  would  be  greatly  expanded  and  organized  by  physiological  subsystem.  In  the  case 
of  a  complex  stimulus,  each  "primary-type"  response  would  be  connected  with  a  "yes"  for  tite 
correct  subset  of  interrogatives.  In  the  case  of  a  yes  answer  to  interrogatives,  other  fields  would 
have  to  be  fiUed  in.  These  other  fields  would  correspond  to  tiie  remaining  Informational  attributes 
of  the  present  effort:  these  include  the  "Potential  Level  of  Injury",  the  "Target  System",  and  the 
"Immediacy  of  Effect".  Recall  that  these  include  complex  data  structures  in  their  own  right. 

This  structure  is  capable  of  being  handled  under  the  current  HLA  OMT  rules  governing  data 
representation.  However,  keep  in  mind  that  the  Identity  Profile  woxild  be  a  parameter  that  has  to 
be  passed.  It  could  grow  increasingly  large. 

One  intermediate  situation  is  to  allow  for  complex  stimuli,  but  to  restrict  the  physiological  systems 
to  the  present  structure.  The  list  of  interrogatives  would  include  only  those  which  would  have  an 
impact  on  the  cardiovascular-respiratory  system,  but  complex  stimuli  which  enjoy  multiple 
(potential)  effects  could  be  communicated.  Also,  multiple  simultaneous  simple  stimuli  could  be 
bundled  into  one  complex  stimuli. 

If  the  physiological  SOM  is  to  be  developed  further  to  include  other  physiological  subsystems, 
should  this  be  done  in  a  single  SOM?  Would  multiple  SOM's  allow  for  smaller  Identity  Profiles  that 
could  still  convey  the  complex  stimuli  information?  If  the  physiological  SOM  or  set  of  SOM's  is  to 
become  more  capable  of  modeling  the  true  complexity  of  the  human  body,  what  would  the  issues 
be  in  terms  of  data  handling?  Would  data  subscriptions  be  an  alternate  method? 
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The  needs  of  the  user  groups  and  user  requirements  will  have  input  into  any  future  development 
of  the  stimuli  SOM  and  the  physiological  SOM. 

4.5  Interactions 

The  interactions  represented  in  the  Stimuli  SOM  are  all  concerned  with  the  release  of  stimuli. 
Consider  a  particular  stimulus  that  is  released.  That  stimulus  is  the  initiating  object.  However, 
there  is  no  recipient  object  with  the  context  of  the  Stimuli  SOM 

The  interactions  are  listed  in  a  flat  structure;  no  use  is  made  of  inheritance.  This  reflects  the  rather 
flat  object  class  structure  for  the  Stimuli  SOM,  in  which  limited  use  is  made  of  inheritance. 

What  is  of  most  interest  in  these  interactions  are  the  parameters  that  are  sent  as  part  of  the 
interaction.  All  of  the  interactions  send,  as  parameters,  the  fom  informational  attributes:  "Identity 
Profile",  "Potential  Level  of  Injury",  "Immediacy  of  Effect",  and  "Target  System".  Recall  that  these 
informational  attributes  are  composed  of  complex  data  struchires  and  enumerated  data  structures, 
and  are  capable  of  brmdling  much  information. 

This  is  not  to  suggest  that  the  four  informational  attributes  have  the  same  content  for  each  of  the 
interactions.  Quite  the  opposite  situation  is  the  case.  The  information  in  each  of  th^  four 
informational  attributes  is  tailored  to  reflect  the  character  of  an  individual  stimulus  for  the 
interaction  involving  that  stimulus. 

The  interactions  listed  in  the  Object  Interaction  Table  of  the  Stimuli  SOM  are  given  in  the  following 
table. 

Table  VIIL  Interactions:  Stimuli  SOM 

Administer  Methacholine 
Administer  Albuterol 
Smoke  Stream  Stimulus 
Vapor  Cloud  Stimulus 
Monoxide  Stimulus 
Particle  Cloud  Stimulus 


The  first  two  interactions  refer  to  the  administration  of  medical  drugs,  with  the  metacholine  and 
the  albuterol  being  object  subclasses  of  the  base  class  of  medical  drug.  An  additional  parameter 
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which  must  be  passed  in  the  interaction  specification  for  both  these  two  stimuli  is  the  dosage.  Note 
that  none  of  the  attributes  is  affected  by  the  interaction. 

The  first  two  interactions  involve  objects  which  have  the  potential  to  cause  constriction  or  dilation 
of  the  bronchial  passageways  in  a  human  respiratory  system.  They  were  included  as  good  test 
interactions  for  mannequin  (human  patient  simulator)  involvement.  The  remainder  of  the 
interactions  focus  on  elements  involved  in  'battlefield  smoke"  or  "fire  fighting". 

The  "Smoke  Stream  Stimulus"  interaction  involves  the  "smoke  Gas  Mixture"  as  the  initiating  object. 
In  addition  to  the  set  of  informational  attributes,  the  interaction  includes,  as  parameters,  those 
attributes  of  the  object  which  pertain  to  the  physical  nature  of  the  smoke  gases:  percentage  02, 
percentage  CO,  percentage  C02,  etc.  "duration”,  which  describes  the  length  of  time  over  which  the 
stimulus  is  acting,  is  a  key  parameter  in  the  interaction.  None  of  the  attributes  of  the  initiating 
object  are  affected  by  the  interaction. 

The  "Monoxide  Stimulus"  interaction  focuses  upon  a  specific  gas  as  the  initiator.  Parameters  of 
"amoimt "  and  "duration"  are  required,  as  well  as  the  set  of  information  attributes.  The  "amount" 
parameter  is  also  an  attribute  of  the  iiutiatmg  object. 

The  "vapor  Cloud  Stimulus"  interaction  and  the  "particle  Cloud  Stimulus"  involve  local  objects  as 
the  initiators.  The  parameter  "duration"  is  passed  in  both  of  these  interactions.  As  in  the  other 
interactions,  all  of  the  informational  attributes  are  passed  as  parameters.  Moreover,  the  attributes 
"concentration"  and  "size  of  particles"  which  are  attributes  of  the  respective  initiating  objects  in 
these  two  interactions  are  passed. 

The  interaction  structure  which  was  developed  for  passing  non-visual  stimuli  to  the  recipient 
hiiman  body  (with  specific  physiological  systems)  heavily  utilizes  parameter  passing  in  order  to 
convey  all  relevant  information.  It  is  interesting  to  note  that  in  each  interaction  developed,  all  of 
the  attributes  of  the  particular  initiating  object  are  passed.  Of  course,  the  informational  attribute 
set  is  passed,  but  the  parameter  list  included  all  attributes.  An  additional  parameter  which  was 
necessary  for  some  of  the  interactions  was  the  "duration''^ 
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Chapter  5— federation  Object  Model  Development 

5.1  Development  of  Multiple  Federation  Object  Models 

The  FOM ,  or  Federation  Object  Model,  is  that  part  of  the  Object  Model  Template  which  represents 
the  structure  of  a  Federation,  as  opposed  to  a  single  simulation.  (Recall  that  the  Object  Model 
Template  is  one  of  the  constituents  of  the  High  Level  Architechure.)  We  have  seen  how  the 
capabilities  of  the  body /physiology  simulation  and  the  stimuli  simulation  are  reflected  in  their 
respective  SOM's  (Chapters  4,  5).  The  software  implementation  of  a  SOM  ,  which  represents  a 
particular  simulation,  is  termed  a  federate.  However,  it  is  the  Federation  Object  Model  that  reflects 
the  capabilities  that  present  in  the  "super-simulation"  involving  the  inter-operation  of  the  two 
federates.  The  FOM  is  key  to  the  interoperability  between  two  federates. 

The  development  of  the  FOM  was  facilitated  through  the  use  of  the  OMT  Tool,  which  was  utilized 
in  the  development  of  both  the  Physiological  SOM  and  the  Stimuli  SOM.  From  a  component 
perspective,  the  skeleton  outlines  of  the  FOM  and  the  SOM  are  identical.  The  same  list  of  Tables 
that  must  be  "filled  out"  in  the  construction  of  a  SOM  are  the  same  list  which  must  be  addressed 
for  a  FOM.  Upon  perusing  the  contents  of  a  FOM,  it  might  be  difficult  to  determine,  at  first  glance, 
that  the  Tables  are  component  pieces  of  a  FOM  rather  than  a  SOM.  ^ 

This  is  not  to  say  that  it  would  be  impossible  to  deduce  that  a  particular  set  of  Tables  represents 
a  SOM  rather  than  a  FOM.  There  are  certain  features  which  are  allowed  in  a  SOM,  but  prohibited 
in  a  FOM.  For  example,  in  a  SOM,  the  publishing  and  subscription  designations  are  chosen  from 
the  set  { P,  S,  PS,  N},  where  N  is  neither.  In  the  FOM,  the  set  of  choices  is  { S,  PS,  N }.  While  abstract 
classes  (N)  are  still  allowed  in  a  FOM,  the  possibility  of  "P's"  eliminated;  so  no  attributes  will  be 
published  without  allowing  subscription.  In  the  case  of  interactions,  the  "I"  (initiates)  designation 
is  disallowed  in  FOM's  while  permitted  for  SOM's.  That  is,  in  a  Federation,  an  interaction  that  is 
initiated  by  an  object  must  be  reacted  to,  or  sensed  by,  some  other  object  in  the  Federation.  For 
more  details,  see  the  High  Level  Architecture  Object  Model  Template. 

The  Federation  Object  Model  represents  the  capabilities  of  a  super-simulation  that  is  composed  of 
a  number  of  single  simulations  "playing  together".  The  capabilities  are  manifest  through  the  object, 
attributes,  interactions,  and  parameters.  Note  that  these  are  all  components  of  a  SOM.  Indeed,  the 
FOM  is  composed  of  contributions  from  the  participant  SOM's,  although  not  every  component  of 
a  SOM  is  represented  in  the  FOM. 

In  the  current  effort,  the  Simulation  Object  Models  were  developed  in  advance  of  any 
implementation.  That  is,  there  is  no  legacy  simulation  which  drove  the  structiore  of  either  the 
Physiological  SOM  or  the  Stimuli  SOM.  In  a  sense,  this  situation  complicated  the  development  of 
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the  SOM's  due  to  a  richness  of  possibilities.  However,  since  the  development  of  the  Physiological 
SOM,  in  conjunction  with  the  Stimuli  SOM,  required  attention  to  the  conceptual  space  in  which  both 
the  SOM's  reside,  the  resulting  FOM  construction  is  facilitated  by  this  common  context. 

In  what  is  today  the  more  typical  case,  a  FOM  would  be  developed  to  represent  the  intended 
inter-operating  of  multiple  federates  which  were  not  developed  in  conjrmction  with  each  other  or 
under  the  guidance  of  a  reference  FOM.  This  leads  to  potential  semantic  and  usage  conflicts  among 
the  objects  and  attributes  of  the  participating  federates.  Such  conflicts  could  result  in  some  changes 
to  a  federate's  SOM.  Alternatively,  the  set  of  interactions  and  the  level  of  interplay  among  the 
federates  might  be  more  limited  than  would  have  been  the  case  without  the  semantic  and  usage 
conflicts.  (As  an  aside,  we  note  the  high  level  of  interest  in  reference  FOM's  on  the  SISO  reflectors. 
See  the  URL:  http://www.siso.sc.ist.ucf.edu/) 

The  Federation  Object  Model  (FOM)  for  this  project  is  intended  to  represent  a  "Human  Response 
to  Stimuli"  Federation.  In  the  efforts  of  this  project,  the  stimuli  simulations  are  represented  in  the 
Stimuli  SOM,  and  the  physiological  simulations  are  represented  in  flie  Physiological  SOM. 
Technically,  the  SOM's  are  disjoint  sets.  There  are  no  objects  in  the  Stimuli  SOM  that  are  found  in 
the  Physiological  SOM  and  vice  versa.  However,  it  is  clear  that  the  SOM's  were  developed  under 
a  common  conceptual  framework.  The  Physiological  SOM  contains  objects  that  could  respond  to 
interactions  initiated  by  objects  in  the  Stimuli  SOM.  Similarly,  the  attribute  of  the  objects ‘in  the 
Stimuli  SOM  involve  a  set  of  characteristics  whose  purpose  is  to  identify  a  particular  stimulus  to 
the  recipient  body.  The  contents  of  the  FOM  should  allow  for  the  stimuli  to  be  introduced  to  the 
body.  These  are  the  interactions  which  would  bridge  the  two  federates.  As  such,  they  rightfully 
belong  in  a  FOM. 

We  have  chosen  two  representations  for  the  "Human  Response  to  Stimuli"  FOM.  In  the  remaining 
paragraphs  of  Section  5.1,  we  discuss  the  nature  of  these  two  representations,  certain 
implementation  ramifications,  and  the  question  of  possible  limitations. 

FOM  Representation  Version  1: 

In  the  first  representation,  the  physiological  details  and  capabilities  are  hidden.  The  FOM  consists 
of  the  Stimuli  SOM  in  its  entirety.  Also  included  is  the  "Body  Environ  Matrix"  which  is  an  object 
in  the  Physiological  SOM.  The  interactions  listed  in  this  first  version  of  the  "Human  Response  to 
Stimuli"  FOM  all  have  as  an  initiating  object  one  which  originates  in  the  Stimuli  SOM.  The  recipient 
object  of  each  interaction  listed  in  the  first  version  of  the  FOM  is  the  "Body  Environ  Matrix"  object, 
which  originated  in  the  Physiological  SOM.  This  object  acts  as  the  interface  between  the 
physiological  subsystems  and  the  stimuli. 
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If  this  version  of  the  "Human  Response  to  Stimuli"  FOM  is  chosen  for  implementation,  the  object 
"Body  Environ  Matrix"  must  be  quite  sophisticated.  From  the  FOM  and  SOM  tables,  it  is  clear  that 
this  object  will  communicate  with  other  physiological  objects  through  the  use  of  publish/ subscribe 
services.  For  example,  the  "lungs"  object  could  subscribe  to  the  "air  pressure,  humidity,  and 
altitude"  attributes  of  the  "Body  Environ  Matrix"  for  use  in  its  calculations.  The  "Lung  Respiratory 
Zone"  could  subscribe  to  the  "air  components"  attribute  of  the  "Body  Environ  Matrix"  for  use  in  its 
gas  exchange  calculations.  However,  how  would  an  irritant  sensor  in  the  trachea  know  that  a 
particle  has  struck  it?  This  communication  is  done  via  the  "Body  Affectors"  attribute  of  the  "Body 
Environ  Matrix"  object.  Note  that  there  can  be  multiple  "Body  Affectors";  the  cardinality  of  this 
attribute  was  designated  1+.  The  "Body  Environ  Matrix"  implementation  must  have  enough 
intelligence  to  decode  the  attributes  (e.g.,  "Identity  Profile,  Target  System,  Immediacy  of  Effect, 
Potential  Level  of  Injiuy")  of  the  stimuli  which  are  passed  as  parameters  in  the  interactions.  These 
attributes  involve  complex  data  types.  The  results  of  the  decoding  are  described  as  "Body 
Affectors".  In  an  implementation,  a  list  of  strings,  expressing  situations  which  could  occur  as  a 
result  of  the  decoding  of  the  given  stimuli,  would  be  constructed. 

A  possible  limitation  of  this  FOM  version  is  that  the  physiological  details  are  hidden.  This  version 
of  the  FOM  has  been  tailored  to  the  current  Stimuli  SOM  and  the  current  Physiological  SOM .  Bear 
in  mind  that  this  tailoring  of  a  FOM  to  reflect  the  participating  SOM's  is  the  methodology  which 
should  be  followed.  However,  what  if  a  third  federate  was  interested  in  joining  the  "Human 
Response  to  Stimuli"  federation?  Moreover,  suppose  that  this  third  federate  was  primarily 
concerned  with  modeling  the  epidermal  layer  of  the  human  body,  and  could  successfully  exhibit 
the  human  response  to  a  chemical  which  affected  the  cardiovascular-respiratory  system.  The 
addition  of  this  new  federate  to  the  "Human  Response  to  Stimuli"  federation  would  expand  the 
range  of  scenarios  that  could  be  simulated  by  the  federation.  It  would  be  a  valuable  additional 
federation  member.  In  order  for  this  new  federate  to  join,  however,  the  Physiological  SOM  would 
have  to  be  revisited.  Semantics,  attributes,  and  interactions  between  it  and  the  new  Epidermal  SOM 
would  have  to  be  investigated,  and  a  totally  new  FOM  developed. 

FOM  Representation  Version  2: 

In  the  second  representation  of  the  "Human  Response  to  Stimuli"  FOM,  the  physiological  activity 
is  not  hidden.  The  full  capability  of  the  body  is  revealed.  This  allows  for  the  faster  incorporation 
of  a  third  federate  which  needs  human  physiological  inputs,  or  which  also  models  an  aspect  of 
human  physiology,  into  the  federation. 

In  this  second  version  of  the  "Human  Response  to  Stimuli"  Federation,  the  FOM  is  essentially  a 
union  of  the  two  disjoint  SOM's  (the  Stimuli  SOM  and  the  Physiological  SOM).  That  is,  the  FOM 
is  created  by  putting  together  the  objects,  attributes,  interactions,  and  parameters  of  the  Stimuli 
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SOM  and  the  Physiological  SOM.  One  key  feature  occurs  in  the  interactions  in  which  a  stimulus 
is  the  initiating  object.  In  this  version  of  the  FOM,  no  receiving  object  is  specified.  It  is  noted  that 
this  is  a  similar  situation  to  that  involving  the  "Weapon  Fire"  interaction  in  the  reference  FOM  (RPR 
FOM  017).  In  that  interaction,  the  initiating  object  is  a  military  entity  and  there  are  no  designated 
receiving  objects. 

V^th  regard  to  a  software  implementation,  the  individual  physiological  objects  would  have  to 
decide  to  which  stimuli  object  attributes  and  interactions  they  should  subscribe.  Recall  that  the 
physiological  objects  present  in  either  the  SOM  or  a  FOM  should  only  be  present  if  they  represent 
serious  modeling  capability.  The  software  representing  the  physiological  objects  woiild  then  use 
information  obtained  by  subscription  to  feed  into  their  internal  calculations  and/ or  to  update  their 
attributes. 

5.2  Scenarios 

The  following  scenarios  have  been  developed  as  part  of  flie  "Human  Response  to  Stimuli" 
federation.  Since  the  human  physiological  modeling  is  limited  to  the  cardiovascular  and 
respiratory  systems,  the  stimuli  which  are  involved  in  this  federation  are  those  which  act  to  evoke 
a  response  on  these  subsystems. 

> 

There  is  some  question  as  to  how  much  detail  to  present  in  the  scenarios.  If  the  first  version  of  the 
FOM  is  considered  to  provide  the  operational  viewpoint,  then  the  scenario  development  is  very 
straightforward.  Wfith  this  viewpoint,  the  physiological  cascade  of  events  which  flesh  out  the 
scenario  do  not  appear,  as  the  physiological  details  are  hidden. 

We  will  consider  the  second  version  of  the  FOM,  the  one  in  which  the  physiological  details  are  in 
plain  view,  to  govern  the  operational  viewpoint.  Moreover,  the  initial  segment  of  each  scenario, 
in  which  a  particular  stimulus  is  introduced,  constitutes  the  totality  of  what  would  be  presented 
if  the  first  FOM  version  were  utilized.  This  initial  segment  will  be  clearly  marked. 

Scenario  1:  Normal  Breathing 

The  first  scenario  involves  "normal"  breathing. 

Initial  Segment: 

The  stimulus  in  this  scenario  is  taken  to  be  the  airMixture,  with  the  components  set  to  that  of 
normal  atmospheric  air.  The  airMixture  commxmicates  via  the  publish/ subscribe  methodology, 
ralher  than  by  subscription.  It  is  necessary  for  those  (physiological)  objects  to  subscribe  to  the 
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relevant  attributes  of  the  air  mixture.  One  such  physiological  object  would  be  "Body  Environ 
Matrix"  (in  either  the  first  or  second  versions  of  the  FOM).  [End  init.  seg.] 

The  human  physiological  response  is  given  via  the  participation  of  the  component  objects  which 
are  represented  in  the  Physiological  SOM  and  in  the  second  version  of  the  FOM.  See  Chapter  3  for 
details  on  the  physiological  object,  interactions,  and  the  integration  of  activities. 

In  the  execution  of  the  "Human  Response  to  Stimuli"  federation,  the  following  sequence  of  events 
simulates  "normal  breathing". 

■  Inspiratory  Center  -  >  Inspiratory  Muscles 

■  Inspiratory  Center ->  Expiratory  Center 

■  Expiratory  Center  -  >  Expiratory  Muscles 

The  inspiratory  and  expiratory  systems  operate  in  a  cyclic  manner  (see  section  3.7),  with  two  and 
three  second  cycle  times,  respectively.  At  the  end  of  the  inspiratory  cycle,  the  expiratory  cycle  is 
told  to  turn  on.  The  inspiratory  center  object  implementation  assumes  a  passive  state,  and  listens 
in  to  the  behavior  of  the  expiratory  system  so  that  it  will  know  when  to  resume  a  high  activity 
state. 

* 

The  activation  of  the  inspiratory  muscles  during  inspiration  involves  signals  via  the  phrenic  nerve 
from  the  inspiratory  center  to  the  diaphragm  to  contract  and,  via  the  intercostal  nerve  to  the 
external  intercostal,  to  contract.  At  the  end  of  the  cycle,  signals  are  sent  for  these  muscles  to  relax. 
In  a  similar  manner,  the  muscles  of  expiration,  the  abdominals,  and  the  internal  intercostal,  receive 
signals  to  contract  for  expiration.  Such  signals  are  sent  from  the  expiratory  center  via  the 
appropriate  nerves.  The  effect  of  these  contractions  and  relaxations  is  to  change  the  thoracic  cavity 
volume,  which  will  allow  the  limgs  to  grow  or  shrink  in  volume,  and  result  in  a  change  in  internal 
lung  pressure  which  drives  the  intake/expulsion  of  gases.  Clearly,  there  must  be  extensive  use 
made  of  the  subscription  services  in  order  for  the  object  models  to  obtain  necessary  attnbute 
information  in  any  implementation. 

In  the  implerrientation  of  "normal  breathing",  a  stealth  viewer  should  be  able  to  see  a  regular 
respiratory  rate.  Re-oxygenation  should  be  occurring.  A  stealth  monitoring  of  the  p02,  sensors,  etc. 
should  be  able  to  determine  if  this  is  indeed  the  case. 

Scenario  2:  BronchioConstriction 

Bronchioles  constrict. 
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Initial  Segment: 

This  scenario  may  be  entered  due  to  the  administration  of  a  bronchio-constricting  drug,  such  as 
the  "methacholine"  stimulus.  This  scenario  can  be  initiated  using  an  administer  drug  interaction 
listed  in  both  versions  of  the  FOM.  The  amount  of  methacholine  to  be  administered  can  be  set  by 
the  dosage  parameter.  The  recipient  object  can  be  either  the  Body  Environ  Matrix  (first  FOM 
version)  or  none  (either  if  second  version  of  the  FOM  is  used).  [End  init.  seg.] 

In  this  scenario,  the  bronchioles  constrict.  This  leads  to  reduced  air  flow  in  the  air  passageways. 
This  results  in  a  decreased  p02,  and  an  increased  pC02,  as  the  gas  exchange  in  the  lung  respiratory 
zone  will  not  be  as  efficient. 

This  situation  leads  to  the  following  sequence  of  events. 

■  The  organic  chemical  sensors  see  the  low  p02. 

■  The  appropriate  nerve  carries  this  (signal)  information  to  the  medulla.  It  is  the 
cardio-regulatory  center  in  the  medulla  which  receives  the  information  on  low  oxygen 
levels  via  the  vagus  and  glossopharyngeal  nerves. 

(The  sensors,  nerve  pathways,  and  cardio-regulatory  center  are  all  object  classes  within  the  second 
FOM  which  can  be  instantiated  in  an  implementation. 

■  The  cardio-regulatory  center  responds  appropriately  (according  to  algorithmic  constraints). 

■  As  the  low  p02  continues,  tissue  groups  will  not  find  their  oxygenation  needs  met.  Tissue 
distress  interactions  will  be  sent  via  sympathetic  nerves  to  the  vasomoter  center. 

■  The  vasomotor  center  responds  appropriately. 

(The  tissue  groups,  associated  sympathetic  nerves,  necessary  interactions,  and  the  vasomotor 
regulatory  center  which  should  be  present  in  the  implementation  are  all  elements  of  the  second 
FOM  version.) 

A  stealth  viewer  can  monitor  key  attributes  which  indicate  the  state  of  the  patient. 

Scenario  3:  Breathing  Monoxide  Gas 
Hemoglobin  binding  occurs,  and  a  cascade  of  events  result. 
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Initial  Segment: 

This  scenario  maybe  entered  due  to  the  "MonoxideStim"  interaction  present  in  both  versions  of  the 
FOM.  This  represents  the  stimulus  of  carbon  monoxide.  The  recipient  object  can  be  either  the  Body 
Environ  Matrix  (first  FOM  version)  or  none  (either  if  second  version  of  the  FOM  is  used).  The 
length  of  time  that  this  stimulus  is  operative  can  be  set  by  the  duration  parameter.  [End  init.  seg.] 

The  presence  of  CO  replaces  hemoglobin  in  the  blood,  and  thus  affects  the  attribute  "Hemoglobin 
Binding  Percent"  that  is  associated  with  the  object  Human.  Physiologically,  this  leads  to  low 
oxygen  transport  in  the  cells. 

The  same  sequence  of  events  which  occurred  in  the  previous  scenario  start  the  events  of  this 
scenario. 

However,  there  is  no  respite  from  the  lack  of  oxygen,  and  the  ameliorative  effects  of  the  commands 
from  the  cardioregulatory  center  and  the  vasomotor  center  do  not  occur.  The  pneumotaxic 
integration  center  becomes  active,  and  attempts  to  improve  the  situation,  but  still  not  enough 

oxygen  is  carried  due  to  the  hemoglobin  binding. 

j  ■  . 

Clearly,  this  scenario  involves  major  attention  to  threshold  levels,  and  algorithmic  details.  » 

Ultimately,  this  scenario  leads  to  respiratory  depression  as  the  medulla  can  not  obtain  enough 
oxygen  to  sustain  its  activity. 

Scenario  4:  Particulate  Irritant  Stimulus 

Irritant  sensor  cells  become  cognizant  of  the  irritant,  and  a  cascade  of  events  occurs. 

Initial  Segment: 

This  scenario  may  be  entered  in  one  of  two  ways.  The  first  involves  the  "local  Particle  Cluster 
Qoud"  interaction,  which  is  present  in  both  versions  of  the  FOM.  The  second  method  of 
introducing  this  stimulus  involves  the  "Global  Particle  Cluster  Qoud",  which  is  publishing  its 
attributes.  The  "Human  Response  to  Stimuli"  Federation  may  subscribe  to  such  attributes  on  behalf 
of  the  Body  (or  Patient)  federate.  The  recipient  object  of  the  stimulus  (if  the  interaction  introduces 
the  stimulus)  is  the  "Body  Environ  Matrix"  if  the  first  version  of  the  FOM  is  used,  and  could  be 
implemented  in  the  same  way  if  the  second  version  of  the  FOM  is  used.  [End  init.  seg.] 
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Again,  this  sequence  of  physiological  activities  is  listed  in  the  scenario  only  if  the  second  version 
of  the  FOM  is  the  operative  viewpoint.  There  are  two  primary  responses  to  the  irritant.  The  first 
response  leads  to  the  bronchio-constriction  that  was  discussed  in  a  preceding  scenario.  That  will 
not  be  repeated. 

The  second  scenario  involves  a  "Cough  Sequence",  which  will  be  listed  here,  as  it  is  somewhat 
involved.  The  scenario  sequence  proceeds  as: 

■  Interaction  "Irritant  Sensed"  alerts  "pneumotaxic /integration  center" 

■  This  center  shortens  the  inspiratory  period;  makes  expiratory  end  if  operative;  the 
expiratory  center  relaxes  abdominal  muscles  (via  nerve  pathways). 

■  This  center  shortens  the  inspiratory  period,  and  forces  it  to  act. 

■  Quick  inspiration— the  inspiratory  center  contracts  the  diaphragm  (via  phrenic  nerve). 

■  The  epiglottis  closes,  the  limg  inflates. 

■  Lung  pressure  builds. 

■  The  pneumotaxic/integration  center  sees  maximum  inflation,  shuts  off  inspiratory 
(diaphragm  relaxes),  forces  expiratory  (contracts  abdominals). 

■  Epiglottis  opens,  cough  occurs. 
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Chapter  6— Extensions  and  Applications 

6.1  Mannequin  Identification  and  Interfacing  Considerations 

Two  medical  mannequins  which  simulate  certain  aspects  of  the  human  patient  were  identified.  The 
first  of  these  medical  mannequins  is  available  from  Eagle  Simulation,  Inc.,  and  is  termed  the  "Eagle 
Patient  Simulator".  The  "patient"  is  computer  controlled  in  real-time.  In  addition  to  an  operator's 
console,  there  is  a  "bedside"  hand-held  controller.  However,  the  "patient"  mannequin  is  not 
hardware  alone.  Various  software  "Physiologic  Models"  are  involved  in  its  functioning.  These 
include:  cardiovascular  models,  lung  models,  temperature  models,  fluid  models,  and  drug  models. 
The  Eagle  Simulation  patient  is  capable  of  exhibiting  a  variety  of  cardiovascular  and  respiratory 
events. 

The  second  mannequin  identified  is  the  "Human  Patient  Simulator"  offered  by  M.E.T.I.  (Medical 
Education  Technologies,  Inc.).  It  has  the  capabilities  described  by  the  first  mannequin.  Both  of  the 
mannequins  are  utilized  in  medical  education,  primarily  in  anesthesia  departments  at  medical 
colleges.  From  viewing  the  web  connections,  it  appears  that  both  of  the  mannequins  enjoy  good 
representation  in  medical  schools.  Both  of  the  mannequins  focus  upon  using  clinical  quantities  (in 
addition  to  any  required  physiological  quantities).  The  M.E.T.I.  mannequin  has  the  added 
capability  of  receiving  input  from  clinical  monitors.  * 

V)^th  regard  to  the  interfacing  issues,  both  maimequins  are  proprietary.  Moreover,  in  a  discussion 
with  a  technical  representative  of  M.E.T.I.,  it  is  clear  that  the  company  regards  its  product  as  not 
only  the  hardware  of  the  Human  Patient  Simulator  (HPS)  product,  but  also  physiological  software. 
The  company's  interest  in  physiological  software  as  a  product  may  extend  beyond  the  immediate 
needs  of  enhancing/improving  the  capabilities  of  the  mannequin. 

The  hardware  interfacing  issues  have  been  addressed  in  work  that  was  recently  reported  upon  at 
the  Spring  1998  Simulation  Interoperability  Workshop.  The  project  of  a  "Combat  Irauma  Patient 
Simulator"  (CTPS)  [see  Pettitt  et  al,  1998  ]  involved  a  consortium  of  companies,  including  M.E.T.I., 
brought  together  for  the  purpose  of  developing  the  dual  purpose  training  and  analysis,  focused 
upon  reducing  combat  casualties.  The  injury  is  generated  using  an  electronic  combat  casualty 
generator  (ECO,  and  the  combatant  is  represented  by  the  Human  Patient  Simulator.  HLA  provides 
the  architecture  through  which  the  disparate  components  communicate.  Individual  RTl  Interfaces 
were  developed  for  the  ECC  and  the  HPS.  Moreover,  a  "Patient  Simulator"  was  developed  to  hold 
the  physiological  state  of  the  patient.  The  CTPS  project  has,  as  one  of  its  future  goals,  the  task  of 
improving  the  Patient  Simulator. 
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The  CTPS  project  has  addressed  successfully  several  of  the  interface  issues  that  occur  in  the 
integration  of  the  mannequin  into  an  HLA  simulation.  Any  future  work  involving  the 
implementation  of  the  "Human  Response  to  Stimuli"  federation  would  seek  to  use  the  CTPS 
knowledge  as  a  baseline  from  which  to  proceed. 

6.2  Reference  FOM,  Physiological  Modeling,  and  Educational  Applications 

One  of  the  original  goals  of  this  SBIR  project  was  that  of  interfacing  the  virtual  patient  with  the 
Human  Patient  mannequin  hardware  via  HLA.  If  that  goal  is  the  sole  driver,  then  the  conceptual 
space  of  the  virtual  patient  is  mapped  to  the  capabilities  of  the  medical  mannequin.  This  serves  to 
organize  and  delimit  the  Physiological  SOM. 

The  medical  mannequin  itself  can  be  viewed  as  a  hardware  simulation  driven  by  both  direct  inputs 
and  software  commands.  There  are  physiological  models  in  the  software  which  are  an  integral  part 
of  the  medical  mannequin.  Thus,  the  medical  mannequin  can  be  viewed  as  a  validated  simulation 
(in  hardware).  It  is  therefore  not  imreasonable  to  let  the  physiological  capabilities  of  the  medical 
mannequin  serve  as  a  basis  from  which  to  design  the  first  Physiological  SOM.  It  is  noted  that  such 
capabilities  center  around  the  respiratory  and  cardiovascular  systems. 

The  version  of  the  Physiological  SOM  that  has  been  developed  for  this  project  does  indeed’ focus 
on  the  respiratory  and  cardiovascular  systems. 

In  looking  towards  potential  uses  of  distributed  simulation  involving  the  human  body,  we  see 
training  and  education  as  prime  application  areas.  One  of  the  goals  of  the  Combat  Traxuna  Patient 
Simulator  is  to  reduce  battlefield  casualties  through  enhanced  training  with  the  medical 
mannequin  as  a  simulated  casualty.  With  regard  to  educational  applications,  it  is  clear  that  any 
simulations  must  be  high  fidelity.  For  example,  the  "Human  Patient  Simulator"  (from  M.E.T.I.)  is 
used  to  train  anesthesiologists.  This  requires  fidelity  in  the  area  of  drug  reactions. 

The  educational  simulations  involving  human  physiological  systems  do  not  necessarily  require  a 
hardware  mannequin  in  the  loop.  Consider  a  situation  in  which  medical  students  access,  and 
interact  with,  a  "virtual  human"  or  "virtual  patient"  which  is  provided  from  a  server  on  campus. 
\^th  the  trend  in  medical  education  involving  externships  away  from  campus  and  in  a  more 
clinical  setting,  distributed  simulations  serve  as  a  valuable  educational  aid. 

Alternatively,  consider  a  situation  in  which  there  is  one  "Human  Patient  Simulator"  in  the  loop, 
and  a  niunber  of  "virtual  patients",  one  for  each  anesthesiologist  in  training.  The  "Human  Patient 
Simulator"  could  provide  "ground  truth".  Each  medical  specialist  student  would  be  able  to  run 


-57- 


Chapter  6 — Extensions  and  Applications  _ 

Topic  Number.  OSD97-005 


simulations  on  his/her  own  "virtual  patient",  and  see  the  effects  of  their  efforts  manifested  on  the 
mannequin. 

What  role  could  HLA  play  in  the  development  of  the  aforementioned  simulation  capabilities?  We 
note  that  in  the  present  Stimuli  SOM,  one  of  the  object  classes  is  that  of  "medical  drugs".  At  present, 
both  a  bronchio-constrictor  and  a  bronchio-dilator  are  represented.  A  future  evolution  of  the 
Stimuli  SOM  coiild  be  a  suite  of  anesthesia  drugs. 

There  is  recognition  of  the  fact  that  any  medical  modeling  and  simulation  must  involve  fidelity  to 
the  actual  physiological  systems.  A  recent  on-line  paper  [DeCarlo  et  al]  provided  by  the  Center  for 
Human  Modeling  and  Simulation  and  the  TraumaAID  Project  at  the  University  of  Pennsylvania 
addresses  this  question.  Their  approach  is  to  use  engineering  mechanics  techniques  to  model 
certain  physiological  subsystems,  including  the  lungs.  We  found  a  mechanical  engineering 
viewpoint  to  be  helpful  in  the  development  of  the  object  classes.  Moreover,  we  adopted  the 
functional  physiological  viewpoint  for  development  of  the  Physiological  SOM,  as  contrasted  to  an 
anatomical  approach. 

How  can  the  structure  of  the  HLA  be  used  to  insure  fidelity  in  the  modeling  and  simulation  of 
human  physiological  behavior  when  subjected  to  trauma  or  interacting  with  medical  drugs  (both 
of  which  are  stimuli  of  a  sort)?  A  reference  Physiological  FOM  would  aid  in  this  effort.  (It  ismoted 
that  several  of  the  more  typical  areas  of  DoD  interest,  such  as  sensors  and  C4I,  are  considering  the 
development  of  a  reference  FOM  for  their  respective  areas.  See  the  reflectors  at  SISO  for  details  of 
the  ongoing  discussions.) 

6.3  Distributed  Simulation  Considerations 

Latency 

Several  issues  arise  in  the  implementation  of  distributed  simulations  which  are  interactive.  The 
interaction  between  the  simulations  results  from  the  communication  necessary  to  convey 
information  that  is  held  by  one  federate,  but  needed  by  another.  The  distribution  of  the  simulation 
can  be  over  several  machines  networked  in  the  same  room,  a  local  network,  a  network  which  spans 
thousands  of  kilometers,  or  the  Internet.  Networking  could  be  done  by  Ethernet  (or  ATM),  or  the 
networking  may  be  specialized,  as  in  the  case  of  a  network  of  high  performance  workstations. 
Latency  inherent  in  the  nature  of  such  distributed  simulation  may  affect  the  integrity  of  the 
simulation. 

Latency  arises  from  both  hardware  and  software  sources.  In  the  discussion  of  network  latencies 
given  in  Patterson  and  Hennessey  [1998],  there  is  a  hardware  latency  to/ from  ffie  network  as  well 
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as  what  is  termed  an  interconnect  latency  that  could  include  time  for  the  information  to  "come  over 
the  wire"  (important  in  long  networks).  Also,  the  extra  time  needed  by  the  HLA  infrastructure  can 
be  viewed  as  a  latency,  even  though  it  is  an  enabling  software  technology  for  distributed 
interactive  simulations. 

For  purposes  of  discussion,  let  us  assume  that  only  one  federate  is  hosted  on  each  machine. 
Moreover,  the  run  time  infrastructure  (RTI)  of  the  HLA  will  be  assumed  to  be  hosted  on  a  separate 
machine.  Recall  that  the  interactions  and  the  subscribe/ publish  information  can  only  be  passed 
through  the  RH.  So,  in  the  case  of  the  "Human  Response  to  Stimuli"  federate,  there  are  three 
machines  which  are  hooked  together.  There  is  no  requirement  that  the  machines  be  in  the  same 
room,  on  the  same  local  area  network,  or  even  in  the  same  geographical  area.  Let  us  assume  that 
the  Physiological  federate  and  the  RTlExec  are  hosted  on  two  machines  that  are  on  a  local  area 
network  on  a  university  campus,  and  that  the  Stimuli  Federate  is  running  on  a  machine  that  is 
geographically  located  himdreds  of  miles  away.  Furthermore,  let  us  assume  that  a  mannequin  is 
introduced  into  the  simulation  to  provide  "groimd  truth".  This  mannequin  functions  as  hardware 
in  the  loop.  Let  the  mannequin  be  interfaced  into  the  federation  such  that  it  will  mirror  the 
conditions  in  the  Physiological  federate.  Moreover,  let  the  mannequin  be  hosted  at  a  satellite 
campus  that  is  equidistant  from  the  two  federates.  Information  from  the  stimuli  federate  will  affect 
the  physiological  federate.  At  what  rate  can  this  be  mirrored  in  the  mannequin  status?  What  are 
the  data  buffering  requirements,  if  any?  If  the  Internet  provides  the  connectivity,  how  is  the 
integrity  of  the  simulation  affected? 

Distributed  Simulation  and  the  HLA 

Simulation  in  general  and  distributed  simulation  in  particular  have  been  fields  of  endeavor  prior 
to  HLA.  See,  for  example,  the  recent  text  by  Hamilton  et  al  [1997]  which  gives  an  overview  of  the 
various  facets  of  distributed  simulation. 

The  arrival  of  the  Internet  has  generated  a  new  sub-area  in  the  simulation  field;  that  of  distributed 
simulation  over  the  world  wide  web.  There  are  simulation  tools  which  have  been  developed 
specifically  for  this  "platform",  e.g.,  SILK  (See  the  References,  Healy  and  Kilgore ).  A  recent  paper 
by  Page  et  al  [1997]  looks  at  simulation  over  the  web  using  SIMJAVA  with  remote  method 
invocation. 

The  status  of  FILA  vis-a-vis  distributed  simulation  over  the  Internet  is  an  open  question. 
Additional  work  of  Page  et  al  [1998]  is  looking  at  approaches  for  "incorporating  discrete  event 
simulation  conceptual  frameworks  within  the  FILA". 
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It  is  noted  that  educational  activity  is  thought  to  be  one  of  the  premier  uses  of  distributed 
simulation  over  the  web.  An  educational  staulation  could  well  be  very  "content-heavy",  such  as 
is  the  case  with  the  physiological  system  modeling.  VWthin  the  context  of  the  HLA,  the  content  is 
introduced  through  the  Object  Model  Template  component  of  the  HLA.  In  the  present  effort,  the 
work  of  the  Physiological  SOM  is  an  example  of  the  "content-heavy"  SOM. 

6.4  Relation  of  Weather,  Stimuli,  and  the  “Virtuai  Human” 

One  can  envision  training  scenarios  involving  the  "virtual  human"  and  stimuli  in  a  hostile  setting. 
The  "virtual  human"  can  be  viewed  as  a  "virtual  combatant".  Consider  the  case  in  which  the 
stimulus  is  the  (global)  chemical  vapor  cloud.  Training  scenarios  can  revolve  aroimd  the  use  and 
proper  maintenance  of  protective  equipment.  In  this  case,  each  trainee  would  be  issued  a  personal 
"virtual  combatant"  which  could  provide  "groimd  truth"  as  to  whether  the  combatant  was  able  to 
avoid  the  effects  of  the  chemical  cloud.  After  the  combatant  is  protected,  he/ she  could  interact  with 
the  "virtual  combatant"  by  sending  a  completion  message.  The  physiological  state  of  the  "virtual 
combatant"  could  then  be  assessed,  providing  feedback.  This  would  be  another  use  of  the  "Human 
Response  to  Stimuli"  federation. 

Weather  and  terrain  both  affect  the  concentration  and  location  of  the  chemical  vapor  cloud.  Both 
weather  and  terrain  are  large  scale  environmental  features  that  have  great  impact  on  th’e  war 
fighting  scenarios.  A  recent  SIW  paper  by  Whitney  et  al  [1998]  discusses  the  experiences  from  the 
STOW  97  exercise  ft'om  the  view-point  of  environmental  effects  on  war-fighter  training. 

Integration  of  weather  and  terrain  effects  predate  the  development  of  the  HLA;  with  weather 
servers  having  been  developed  in  support  of  distributed  interactive  simulations.  See  the  brief 
on-line  overview  of  the  WIND'S  effort  [Smith  et  al,  TASC,  web-site  in  references].  V>^th  the  advent 
of  HLA  came  the  news  to  reconsider  environmental  effects  in  a  new  context.  The  online  FAQ 
manuscript  [Hunamel,  ANL,  web-site  in  references]  by  Hummel  addresses  aspects  of  inserting 
environmental  effects  in  DMSO's  HLA.  A  more  global  view  is  taken  as  weather  is  now  a  part  of 
the  total  environmental  picture.  In  the  FAQ, "  if  a  federation  has  environmental  interactions  that 
cross  federation  boundaries  and/ or  if  the  simulation  involves  activities  that  can  cause  changes  to 
the  environment  (i.e.,  dynamic  environmental  feedback),  then  the  enviroiunent  must  he  represented 
as  objects  and  interactions  at  the  FOM  level." 

The  vapor  cloud  stimulus  can  certainly  be  affected  by  strong  winds.  Since  the  environment, 
including  weather,  must  be  represented  in  the  context  of  HLA,  and  include  objects  and/ or 
interactions,  the  envisioned  "Human  Response  to  Stimuli"  Federation  could  be  extended  to  include 
an  environmental  or  weather  federate. 
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Recent  developments  in  incorporating  the  natural  environment  into  federations  under  the 
HLA/RTI  paradigm  include  the  TAOS  effort  [Whitney  et  al,  1997]  and  the  DEEM  effort  [Hummel 
et  al,  on-line  manuscript,  1998,  anl  site  in  references].  The  DEEM  effort  is  the  "Dynamic 
Environmental  Effects  Model",  which  was  originally  developed  at  Argonne  National  Laboratory 
as  part  of  a  U.S.  Department  of  Energy  effort  to  model  and  visualize  the  effects  of  environmental 
remediation.  This  model  was  part  of  the  Joint  Training  Federation  Protot)?pe  (JTFp).  Its  object 
classification  scheme  had  certain  real  world  atmospheric,  land,  and  water  objects.  What  it  did  not 
consider  as  part  of  the  Joint  Training  Federation  prototype  team  was  possible  atmospheric  objects 
such  as  "plume  transport  from  smoke  surfaces".  Such  atmospheric  objects  like  air  pollution  plumes 
are  similar  in  nature  to  chemical  vapor  clouds.  The  entity  resides  in  the  atmosphere,  is  subject  to 
geophysical  fluid  dynamic  forces,  yet  is  not  naturally  occurring.  It  might  be  the  case  that  this  is 
available  in  DEEM,  but  was  not  implemented  in  the  protot)rpe. 

The  TAOS,  or  Total  Atmosphere  Oceans  System,  is  "being  developed  ...  to  provide  tactically 
significant,  high-fidelity  atmosphere-ocean-surf  environments  to  distributed  simulations  using 
HLA/RTI"  [Whitney  et  al,  1997].  TAOS  provides  spatial  and  temporal  data  from  the  ocean, 
atmosphere,  and  surf  zones,  in  gridded  form.  The  spatial  data  is  three-dimensional.  Also,  linkages 
are  provided  between  the  simulation  and  the  data  source.  It  does  not  appear  that  TAOS  is 
"running"  weather  forecasting  models  to  provide  this  data,  but  it  appears  that  it  would  provide  a 
linkage  to  the  weather  data  that  was  generated  by  such  a  source.  TAOS  will  provide  linkages  to 
gridded  forecast  products  (to  be)  resident  in  the  Master  Environmental  Library  (MEL)  of  DMSO 
[Whitney  et  al,  1998].  However,  what  is  most  interesting  about  TAOS  from  the  view-point  of  the 
stimuli  is  the  "embedded  features"  aspect.  The  environment  (atmosphere-ocean-surf  zone)  is 
defined  to  have  a  base  state  which  represents  the  more  global  general  state.  Any  fine-scale  or 
localized  feature  is  to  be  represented  as  an  "embedded"  feature.  The  example  of  an  embedded 
feature  which  is  given  in  Whitney  et  al  [1998]  is  that  of  a  localized  dust  storm. 

It  appears  that  what  we  consider  as  simple  global  stimuli  in  the  Stimuli  SOM  can  be  viewed  as 
embedded  features  within  the  framework  of  TAOS.  Of  course,  while  the  attributes  of  the  stimuli 
in  the  Stimuli  SOM  include  tilrose  which  convey  an  identity  vis-a-vis  the  human  body,  such  a 
representation  is  foreign  to  TAOS.  Nonetheless,  it  seems  reasonable  to  envision  that  the  TAOS 
system  would  work  naturally  in  conjunction  with  the  "Human  Response  to  Stimuli"  federation. 

It  is  noted  that  the  situation  is  in  flux  with  regard  to  S5mthetic  environments  and  environmental 
modeling.  The  creation  of  "SEDRIS"  [See  URL  address  in  reference  list.]  as  an  "open  transmittal 
medium"  will  have  an  impact  on  how  any  stimulus  should/could  be  incorporated  into  or  Hnked 
to  an  environment  model.  SEDRIS  will  provide  a  standardized  Data  Model  as  well  as  programmer 
API's.  Part  of  the  power  of  SEDRIS  derives  from  the  fact  that  the  conceptual  space  from  which  it 
originated  considered  not  only  environmental  concerns  and  models,  but  also  the  parameters 
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relevant  to  the  warfighter.  Insofar  as  a  stimulus  from  the  Stimuli  SOM  can  be  embedded  in  an 
environmental  model,  it  will  also  be  subject  to  handling  via  the  SEDRIS  methodology.  Even  if  the 
Stimuli  federate  (as  defined  by  the  Stimuli  SOM )  is  not  considered  to  be  part  of  any  environmental 
model,  but  rather  is  considered  to  be  a  contributor  to  a  synthetic  environment,  it  will  fall  into  the 
domain  of  information  covered  by  SEDRIS  in  the  future.  Thus,  any  future  implementations  which 
involve  the  Stimuli  federate  (Stimuli  SOM)  in  a  broader  context  than  just  the  "Human  Response 
to  Stimuli"  federation  with  strictly  local  stimuli  needs  to  consider  the  interface  issues  with  SEDRIS. 
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■pCOSWaste 

SyrhpSuBcIavian^ 

DecreaseHeartStroR 

VaguslW 

None 

Near! 

IncreasOTeartSfroRe 

SympatfielicCarcnac 

None 

Reart 

HSffokeVoIumeDecr 

TWfeduiraCardToReg 

BFFTeaTfSysMonTfor 

VagusNV  _ 

HSfroReVolilmelnCT^ 

HeaHRaleOom^^^ 

“MeduiraCardToReg 

BPFTearfSysMonTtor 

BympatheticCaraiac 

Para¥ymln'creaseRa 

VaguslW“ 

None 

Heart 

IhcreaseRate 

SympitFiiefidJJ^^ 

None 

Heart 

DecreaseRale‘*“““"""’ 

V^gusRV 

None 

Heart 

mTrtR'ale^^^^  - 

PafasyrnHeartRatel 

MedulIaCardToReg  i 

BFRearfSysMonTtof 

VagusNV 

‘TncFeaseHeaf{Rafe"“ 

MeduTBCarWoReg"! 

BPReartSysraoniror** 

ByrnpalHetTcCardiac” 

D'ecr^seHeartRafe 

WeduTfaCarFioReg  | 

BPHeartSysMonitor 

Vagu^V 

Cbe'mPWafai^^^ 

ans 

MedullReo/Sei^^ 

mpute 

None 

VagusNV 

CfiemPHSympT^^^^^ 

RelaxTransT^ 

Me3ullRecvS’en3Co’^^ 

mpute 

None 

BympaffielTcCafdiac 

Nerve 

TnspTraforyCente^ 

None 

FhrenicNV 
IntercostalNV - - 

ReTaxTransB 

ExpiratbryCenter 

None 

ABd6mTnalNV“~““~ 

IntercostalNV 

ConfraTctTransA* 

Tn^fxratoryCTeh^^ 

None 

IntercostalNV 

PhrenlcNV 

ConFaclTransB“‘ - 

ExpiralofyCenler 

None 

AbdonnirnalNV” 

TritefcosSINV 

Relax - - - 

RelaiOTaominaTs^ 

AbclomlnalKIV* 

None 

'Abdominal 

RelaxlnlernaTIhTercd 

IntercostalNV  jNone 

InfemalrifercosSils 

Re]SxBxl;emanhWco 

lnterobslalN\r  iMSne 

‘Extemairnlerc^Sls*’’ 

RelaSDTapFTragrff 

PKfenicif^  jNone 

D’iapRragm 

Conffacf  ““ 

OohWctDlapRFagrn**' 

RRreniclW  .  jNfone" 

DTapfiragm 

OontfacfTnferi^ 

IntercostalNV  .  ;  jTOne 

'rnternalritercoslals 

ContracfEcternalTnfe 

IhTerdcSfalNV***^^ 

Extefr^fnlercosSls* 
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Object  Interaction  Table 


bject/Area 

Interaction 

Parameters 

Init/  Sense/  React 

Affected  Attributes 

whichProbiem 

None 

p02‘6nTssGrp 

wfiicTiProBrem 

IR 

None 

p026fnssGrp 

wfircTiPr6blerrr“"““‘*'~‘ 

IR 

None 

p02ofnssGrp 
•pcrosofrBsGfp  /•" 
wfircfiProBlem 

IR 

None 

pD26fnssGrp 

pC02ofnssGrp 

wfiTcfiProblem 

IR 

None 

pCi2orrrssGrp 

wTiicTiProbTern 

pCaSofTSsGrp 

IR 

S’ffokeVolurne 

’Arriburif 

IR  -.v.v  % 

SirolReVoTurhe 

Arfibuht 

IR  ,-:  ■ 

None 

Anfiourir  ;  : 

Amount  v  "  / 

IR  V::;;'-  ■ 

HeaHR'afe* 

’Arifiounr^.^  . 

TFT-  “  , 

HeartRate 

Amount  .  /  ;  ; 

ITR  . 

Ne^Rate 

Affiourif 

jlR' 

None 

Ambuht 

IR 

None  I 

Amoun! 

flFT  •;  " 

None 

Amount 

[TR  ■ 

None 

D'ecreaseTnSV  I 

•DecreasermR 

||R 

None 

IricreaseinHR 
IhcreasernSV  ‘‘"j 

||R 

t  .  '■'.■■■ 

\ 

None 

Amburif 

[iR 

None  * 

Amount 

None 

Amount' 

iiR 

None 

Arnouht 

p, ,  ~™ 

'CbntTactronllever 

Ambuht 

|lR  "  ■ 

ConffactTonUever 

Arfiburif 

IIR  "  ~ 

CbT^actibnCe^P" 

Ambunf”*"^ 

||R 

CohlractrohLevel 

Amount 

liR  ;  ■ 

ConfiicironLevel 

Am'ourir’ 

|tr  ■  " 

Ob'nFacfronLeveT 

Ambuht 

lIR  -  . . 

ConFacfionLever 

'  Arfibunl 

||R 
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Object  Interaction  Table 


Interaction  Structure 

Initiating  Object 

Receiving 

Class 

Affected  Attributes 

Class 

ContractAbdominals 

AbdomrnallW 

None 

Abdominal 

RetumToNorrhalpOZ 

VagiisW 

OTdssopbaryrigeaTfT 

l^one 

MeduiraCardioReg 

r6wp02 

VagusiW 

GlossopHafyngealN 

i^one 

Med’ullaCarclidReg 

TncreaseBF 

GTossopbafyngeaTNf 

None 

M'ed’ullaCardidReg 

VagusW 

necreaseBF - 

VagusW 

GTossopfiaryngeaTN 

None 

KfedullaCardioReg 

Manager.Fed’eraie 

ATeifif - 

Federafe 

None 

Federate 

‘OBjectTnfomatlon 

Federate 

None 

Federate 

PuHITsHm’gClass‘“‘ 

FeerefaTe”""":. 

N'dne 

Federate 

'S'ubscriiirngCr^^^ 

Federate 

None  , 

Fede"rat’e 

Mroager-Federite." 

ServiceLog 

ServiceEogArgume 

nts 

Federate 

None 

Federate 

Manager  Jed’erat^^^^ 
Action 

ReqTie^s’tFuBlica^ 

Federate 

Ndifie 

Federate 

RequestSuBscn'p^^^ 

Federate 

N’6“ne 

F'eder"at’e 

^'SeWmmg - -  i 

Federate 

None 

Fede"rat’e 

R'e^uesfObjectlnfor 

Federate 

None 

■Fede“rafe" 

MoHii^AftributeS'tat 

e 

Federate 

None 

Federate 

CbnTrdl - - 

‘Federate’*"" 

None 

Federafe" 

MahaPrTeWi^^^^^^^^^ 

Action.RemoteServ 

iceinvocation 

DoResiginFederatio 

Fed’e’rafiir"""""" 

jNone  IPeaerate  j 

DbDielef’e’Objecf 

Federat'd 

[None 

i  Federate 

1  ■  -  ■ 

i 
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bject/Area 

Interaction 

Parameters 

Init/  Sense/  React 

Affected  Attributes 

ContractionLevei 

Amount 

IR 

BTOaRSysTOnifoT 

p02VaTue 

iR""/ 

BPHearlSysIWoriilor 

p02VaIue 

IR~"  ■ 

BPHrarti^ysWoriilor 

Amount 

TIT""“  ■ 

tocafloh 

BPHeartSysMofiSEor' 

Arfidunt 

IR 

Locafion 

None 

A'leftSev'eri^' 

iR""~  ; 

ATeftTeiiS 

AlerflD"“ . . 

None 

OBjectID 

LWelErAffrlBufes"" 

IR" 

NeglsferedClass 

NepresenfeHCTass 

None 

ObjectClass 

T(R"7"- 

ThleracITonCTass 

None 

ObjectClass 

InteractronClasi^^'T 

'IR  •  . 

None 

H^mcfler*" 

TR""":  , 

Handie2 

NancireSef 
OBjecHtSorCounr'l 
TagOrLaDeTOrNam  i 

Time 

Enurneraffon 

Boolean 

None 

None 

[IR"""  " 

None  * 

None 

IR" 

None 

FedNeportPerloar 

TtmeNeportPefiod” 

’OBjecWporitPerro' 

’IR" 

None 

OBIecilTS 

IR"" 

None 

OBjecfitr 

IR 

AUrfbufelO 

ToKenStaTe 

None 

SeiServTceCoggTiTg 

1R-" 

SeirogFile 

DeTeteOBjecf 

DequeueFlFO 

None  "■ 

NesIgriAction  ^ 

"IR 

None 

'ObjecBD 

IR 

s' 

(O 
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Object  Interaction  Table 


Interaction  Structure 

Initiating  Object 

Receiving 

Ciass 

Affected  Attributes 

Class 

DoSetLookahead 

Federate 

None  "" 

Federate 

DbSetTlrriedbristra^  Federate 

None 

Federate 

mTurnReguTatron 

g! 

li 

<D| 

i 

I 

None 

Federafe 

DoTumRegulatTon 

TecTerafe  . 

None 

Federate 
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Object  Interaction  Table 


bject/Area 

_ _  Intprartinn 

Init/  Sense/  React 

Affected  Attributes  Parameters 

None 

[Lookahead 

: 

IR 

T^orie 

jStale 

IR""" 

None 

jNone 

None 

jNbne 

IR 

Attribute/Parameter  Definitions 


Object/Interaction 

Attribute/Parameter 

Datatype 

NervousDuctwork 

Transmission  Factor 

double 

ReaH 

ReartRate 

‘double 

S¥6R'eV6Tume 

‘d'ouble 

‘CafaracOulpuf 

.double 

PeripberalResTstanceTo^ 

cTbubTe 

ForceOfConfracifion 

cfbuble 

BTooclFressufe 

jd’oubl^ 

Lungs 

tungVbrume 

j'd’bubTe 

ThTemalLungPressure 

Id'diible 

OveralTATfwayResrsfance 

double 

TOalVolufhe 

^'double 

DeaciAirSpace 

d'ouble 

RespffalofyRafe 

fdouble 

UungCompliance 

:f!bat 

TnspTratofyCapacity 

float  :  . 

Vlla’fCapacify’ 

“tfloaT  """" 

ToIalLungCapacity 

ifloat 

ThspifatbryReserveVolume  ifloat  .  \  .  -  7 

E^iratbfyResen/eVblun^  [float  l  ^  ^  : 

ResirtuaTVo^ 

.-ifloat 

TrrilanfSensof  = 

'Eoirafioh  .7  77  7 

.  [S&Ihg  .  ,  ‘  . 

Status 

IS&Tng 

Ti^ue^Toups 

MeialSoTIcRate 

jdbuble  V  7  ; :  7 

pCaSWasTe"  ‘  " 

Idouble  77;  7  ^ 

pT32Deman(f~““ 

[double 

PerTpfieralResisfence 

jdbuble 

D2'Extracfib1iCoefficre^ 

[dbuble 

PercentCardiacDufjDul 

jflbat 

'p02ofnssueG7p 

Ifloat  ■  ■ 

HpigloflTs 

status 

iWifig 

Human 

I  FlemoglobinBindingPercent  [float 

Age 

double 

Weight 

double 

Temperature 

ffbat 

FiumanStafe 

TRumanStateData 

ShurifFactbr 

TfoubTe 

OTeryiriHocfy 

lipD’2Tfi 

dbuble 

FIbwRate 

dbuble 

Diameter 

d’ouble 

*pCa2Tn - - -  ■ 

“float  “  ■“  “ 

Aorta 

•pD2ln 

dbuble 

•pcazin"  “  ■ 

jcfbuble” 

FIbwRate 

dbuble 

Diameter  > 

doiibTe 

VeininBody 

FIbwRate 

d’ouble 

Diameter 

dbuble 
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Units 


Resolution 

hundredths 

hunciredlfhs"“ 


mr 


Tnverselim¥’(per 


mT‘ 


hundfed’fhs’' 

fiuncireclifhs~ 


rnl/min’*' 


tentTis  " 
Wundrea'flTs'* 
tentfis"" 


ifnm’Hg" 


mC’ 


mf 


tentTis" 

!entds‘' 


TnvIeTselimeTpeTm^^ 


OcmTOO”*' 


lentds - - 

Tiundredlfe 


mf 


rhr 


tenllfir 

lenlTis“ 


mT’ 


mr 


lenffis^ 

lenifis** 


fnr 


mr 


N7A 


N7A““ 


mm  Hg 


mhfi'Fg' 


I  y 

tenins 

lenBir 


TWT 

WAT 


fiunareaifis" 

Ih'undiflKHfis" 


perceriSige” 


leiiBir 

lefitFis" 


rnffTHg" 


WA" 


WK~~ 

lenffir 


■perceriSfge 


lentTis 

N/A' 

percentage 

teritfis 

'mm’Rg  j 

tentds 

fentfis 

mm 

tentlfis 

mm  Rg 

tentds 

ienfFis"":"'7“^"“~ 

lenifis 
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Update  Type 


ic 

m 

CondTtrdnaT 

CdndTtrdriaT 

CdnclitronaT 

CdnciTtrdnaT 

ConditroriaT' 

‘CondifroriaT 

CdndTtrdnaT' 

Sta'ffc*’ - 

Hfatrc - 

Ferlocirc"™ 
‘S'Ealic - - 


Conditional — ^ 


Update  Condition 

Transferable/Acceptable 

Updateable/Reflectable 

N 

UR 

Tf  cfianp'd 

DR 

•Dpori  change 

TA' .  •  ■ 

UR 

lU’pdh  change 

TA 

UR 

Upon  change 

OR""" 

Upon  change 

OR 

If  changed 

TA""~  ■  "  * 

UR" 

lUpdh  change 

UR 

*Uipoh  change 

UR"""""" . 

Tfchanged""’**’"”  •“;***''**•;•’ 

TA' . . .  ■  .  •  ' 

UR 

TA 

UR 

Every  cycle  ; 

TA""  ■  " 

UR 

TA 

UR 

TA".'^..-: 

UR""' 

TA 

UR 

’TA:"; 

UR  ;  ■ 

•  y.""'  -  ^ 

TAi 

UR 

V'.  ,;;v:  V  .v  , 

TA  VV-. 

UR  ^ 

N'.' 

UR  - 

Upon  change 

n . 

UR  : 

If  changed 

N  ..  .•  / 

UR" 

Every  cycle 

UR  t 

TEvefy  cycle 

N . 

UR 

irchahged 

N . -rT':’ 

UR 

W . 

’UR 

If  changed 

N . 

UR"" 

If  changed 

If  changed 

N  |UR  1 

N  . 

UR 

N 

UR 

'N 

UR 

If  cfiahgea 

W‘" . 

UR 

If  changed 

In  . 

uR 

N 

’UR" 

Every  cycle 

•TA" . .  ■■■■  . . . 

uR . : . 

If  changed 

;TA 

UR 

‘*Ifchanged‘’*^““ 

•TA" 

UR 

•  Hvefy  cycle 

TA 

UR 

Every  cycle 

;ta"  "" 

UR 

Every  cycle 

JTA  ■ 

UR 

If  change 

TA 

UR 

‘If  changed 

"TA-  .  .  ■.  ™  “■ 

*C)R"""  -  - 

If  changed 

*TA  ,  , 

*UR 

Upon  change 

TTA  “ , 

lUR 

Attribute/Parameter  Definitions 


Object/Interaction 

Attribute/Parameter 

Datatype 

Cardinality 

1 

pco-20ur 

float  1 

_ _ : _  — _ 

’r””” 

FFiarynx 

Diameter 

float 

i 

1 

Larynx 

DTaffieter 

fToat 

i 

: 

f 

TracTiea 

DTaffiet'er 

float 

Bronchia 

Diameter 

float 

SpiharCoTurfih 

C’erebTospinalFluIdPH 

’double 

1 

NasalCavity 

NasalCavItv^oIurfie 

d’oiibfe 

1 

nowRale""""" - . 

float 

ThoracicCavFfy 

ThbracTcCavIfyVoTume 

float 

1  ■ 

PreuralC'avrfy 

PleurarCavIfyVdTume 

d’oubfe 

1 

Abdominal 

’ConfracfibhUever 

double 

1 

BxternalThtefco^^ 

Cbhlfractibhrever 

float 

f 

ThWnaTnfercosSls 

CbbtractibhUevel 

d'oubfe' 

T 

diaptiragm 

'CbhlracfrdhUever 

double 

T“~  . 

LuhgCoMucfingZohe 

ArhwayResTstahce 

dioubTe 

1 

LuhgRespfaloryZ 

’pOrsWeBlooci"  .  ■ “ 

double 

1 

•pCa2sfareBrcxja"““"““"  ■ 

dbiibTe*  ^ 

'j^2lrisp1reaAif 

double  ^ 

_  ] 

.pC‘021hspiredSrf  ;  w  - 

double  -V:. 

fCa2tJTffC6eff““. 

double  s  ;; 

■■ 

r-\ 

[D2tnifC6eir"  ^ 

double 

t 

double  ' 

pCOSOut 

d’oubfe 

1 

_.ij 

DMinverse 

float  .  :  ; 

1,  ' 

KTembfahleBui^ce^^^^ 

1  , 

KLemFfaneThlckness 

float 

1 

7;vTOlarWtTlationRafr“ 

double 

1 

BAROAorircArcK 

Locatibh 

b’ouble 

1 

■Status"  . . 

dbubfe 

f  . 

BPChange 

double 

i . . : ' 

[DrfecBonBFCTianp 

’stnhg 

1 

FAROCarolTafSTnus - 

UbcalToh 

strlrig 

Status 

'stnhg 

1 . . . 

rBP'CTange'™"""' - 

dbubfe 

i 

DireclSonBFCTiange - 

string 

MeSuIPHRecp - - 

Toirafioh 

string 

T 

pTrCeTeBroFFnaira - 

double 

^Stafus”  - - - - - - 

stiihg 

|1  . 

■Caf6fO'2Recpf - 

Locatibh 

string 

1 

^02'  ■  - 

d'oubfe 

h'”". 

"S\a^s . . . . 

string 

jl . : . . .  . 

AoHjcO^R'^t 

Lbc^oh 

string 

i . :•  - 

double  / 

1"- 

Status  ; 

sbing  V 

'■ . 

flearWalves 

posibon 

jstring 

1 
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Resolution 


Accuracy 


Accuracy  Condition 


mm  Mg 
mm'Hg 


mm 


mm 


rnm  Rg  ] 

[ihousandths 

N/A  7  ^  I 

[N/A . 

‘jaKvays 


fperreci 

always 

mmTRg 

jlFiousainaffis  .  ^  ^  -  ^  > 

|perfecf~7  ,  ^  -  v 

always 

jp^ct  ,  /  - 

always 

N/A 

[fETA"  ““  “ 

[perfecr 

always 
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Update  Type 


Update  Condition 

Transferable/Acceptable 

Updateable/Reflectable 

Every  cycle 

TA 

UR 

Every  cycle 

OR 

UR 

UR 

TA 

UR 

Tf  changed 

TA 

-  .  -  ..™, 

UR 

ircfiahged 

UR 

N . . . . . . 

UR 

*Tf  changed 

^ - - 

UR-  ...  . 

Jf  changed 

UR  y  . 

tTf  changed 

TA'"~  ^ 

UR 

iTf  chahpd 

N 

HR 

*Ifcfiange3 

N'-- . . 

UR 

jTfchahged 

UR 

jTf  changed 

TT  ,  -  ..  v  T': 

UR 

■  Tf  changed 

UR 

Every  Cycle 

N’ . 

. 

OR"  , 

Every  cycTe  :  ^ 

UR 

[Eveiy  Cycre  ,  y  ,  .^TA  .  „  .  y  j 

lE^iyCy^  :  • : 

TA 

Ur  • 

•  '  >-.-v  '•  V- 

TA".,-;,:  -v:' 

“UR 

TA-  .  V  ■- 

UR  •; ' 

’Every  CycFe 

’TA"" 

XIRT.,--.  ,■ 

Every  Cycle  .  > 

UR  f 

*TA".-. , 

UR" 

TA-  :■  : 

UR  . 

If  changed 

'TA . 

HR 

‘  EvefyXycTe 

TA 

UR 

'N . .  ’ 

UR  . 

I 

Upon  change 

.N'"' . 

jN-  •.  ' 

UR 

Upon  change 

N 

UR 

‘M . ^ 

*UR 

Upon  change 

N 

UR 

”  Upon  change 

!F1  "■ 

*UR  " 

Upon  change 

UR 

"N 

♦UR 

Upon  change 

|N . 

UR 

Upon  charige 

N 

UR 

"UR 

Upon  change 

In 

OR 

Upon  change 

N'"-"" .  . . . .  ”  ^ 

!n"' . 

Upon  change 

UR 

Upon  change  , 

UR  ■ 

if  changed 

UR" 
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Attribute/Parameter  Definitions 


Object/Interaction 

Attribute/Parameter 

;  ,  Datatype  ■  | 

Cardinality 

HeartGhambers 

Heartunambervoiume 

float  1 

1 

Efficien^ofConffacfion 

dduBTe  | 

1 . . . 

pa21n""“""“"^ - - 

douBTe  I 

1 

f)D20ur““““ — ■■ 

douBTe 

1  .  V  '■■■■..  , 

pcuan  . 

dduBTe 

pCO'2'Duf — — ~ 

douBTe  1 

V  ,  . 

MeduHaVasbmoforR'eg 

status 

string  j 

1 

actTvT^r'S'tafe 

string  | 

1 

EPMoniforTissues - - 

string 

KT^ullaCararoReg  "  ••■■■■■"■I 

status  jstring  I 

1 

aclTvTtyStafe 

string 

1 

BPReartSysMonifor 

string 

1+ 

MeaullaRespirRig - - 

status 

Tiring 

T'"'"'':  ■ 

adm^Stafe 

any 

1 

Tn^lraBlyCenTer 

CycreTTme  - ' 

oat 

I'"':'-./  .  .  . 

ExpfratoryCenter 

CycreTTme 

float 

1 

Kr^uTC02ReTpr"““ 

Uocation  ... 

1  ,  ,,  .y 

Biatus  ..  . 

string  -  r  ;  -  ^  -  r  •  = 

.. 

oat  V'--:-.^v=  ■'. 

1  ■;  -.  r-.^: 

B’o3yETivTf6rTMatnx 

ExtemalTemp  >  ;  r' 

ClOUBT^ 

1-  ^  ■'  ■'  ■.■■■■■■■• 

AifPf^suire  ^ 

aOUBTe 

•AIBOae" 

BoiiBIe  v  ^  - 

ToirafionDafe  r 

CoC^riXY  ;  : ;  ;:r 

HumiSilfy 

douBTe 

AIrCbmponents 

ArrT!!ronstItuentPerceht 

BobyAWecfors 

Tiring 

1+ 

FediSfafe 

FederateHost 

sfrihg 

1 

FederafeHandl'e 

string 

1 

FederateState 

strmg 

1 

FederateName 

sffTng 

1 

TRTIvefiion  "  “ 

sfnhg 

1  . 

TlifneManagerSfate 

isfrmg 

1 

^Fe'de^etooRaliead"”' 

s'fnng 

^'1 . . 

TecleraieTirne - - - 

string 

1 

TimeConstramed 

sTrmg 

TimeRegulating  string 

T“  ■" 

.  . 

:FIF01ingiFr - -  -string  " 

ITSOTengfh  sfflng  "" 

1 

’DequeueFIFOasync""  ■*sfrlng  — 

i'" 

TotalObJedCdunt  jstnng 

^HdTdihlgTblcehsObj^^ 

;i  "" 

DeTetedOdjecfC^^  jsfffng 

1 . : . •' " 

rNUmAlKnbutes  /.  string 

1 

NumParami^ers  string  ^  ^ 

1 . 

Federation  ^ 

Fedi^IdifiName  ^  ^mg  ^  ^  % 

FederallonBfate  ,sfnng  r  “ 

:1 
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crn^l 

percentage" 


mm-Rg" 


mm’Rg" 


rnm’Rg" 


mm'Rg" 


1SI7A"* 


KI7A"" 

R/A" 


i;i7A“ 


N7A 


M7A" 


R7A" 


N7A 


R7A" 


sec 


lenffis" 


Units 


sec 


N7A" 


R7A" 


rnm'Rg" 


degTeesTarenfieir 

rnm'Rg"""““'~"’*"""""" 


m 


R7A" 


wr 


rnrTTRg" 


Resolution 


integer  value” 
mfegervaTue" 


perfecT 


^rfecf" 


feriffis"' 

tentTi’s” 


perfect"’ 


peffecr 


feritTi’s"’ 


perfecf" 


fhousancJtlPis"' 

RTA’"""""*"""’"*' 


perfect"’ 


’perfect"' 


T;17A"’ 


perfect" 


f;i7A" 

N7A” 


N7A" 


fentrfs” 


N7A’ 


RfA” 

fentfis*: 


mtegef  value 


integef’vaTue 

Inleger'VaTu’e'* 


WA" 


m"*" 

lentrfs" 


Accuracy 


perfect" 


perfect’" 


perfect*" 


perfecT 


perfect’" 

perfect’" 


’perfect"’ 

Prfect"’ 


‘perfect’" 


perfect" 


al'ways" 


aTways’ 

laTwa^" 


■j ‘always 


[’always" 

falways 


’lafways 


"falways 


Talways 


perfect’" 


i^rfecr 


perfecf" 


perfecT 

R/A""""" 


perfecT 

RZA""""" 


perfecT 


peirecT 


perfecT 

pi’rfecT 


perfecf’’ 


perfecf” 

perfecf” 


perfect"’ 


perfect 

■perfect” 


perfect"’ 


’perfect”' 

perfecf* 


perfecT 


perfecf* 

"p"erfe"cT 


perfect"’ 


■pe"rfecf' 

pe"rfecT 


perfect"* 

]^“rfecT 
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Update  Type 

Update  Condition 

Transferable/Acceptable 

Conditional 

N 

Conditional  j  1 

. . . 1 . . . 

N 

CoridltronaT  j  | 

N 

CoriditidnaT  1  1 

N, 

CoridifronaT  1  1 

N 

CondifloriaT  |  | 

N 

Conditional 

jUpon  change 

i 

: 

TA"  . . 

CdndTtionaT 

lUpbri  change 

CdnditIdnaT 

iTf  changed 

j\| 

1  Conditional  j  Upon  change 

CdndTtrdnaT 

jUpon  change 

i 

TA 

CohdTtrdnaT 

iTfchahged 

N 

CondTtrdhaT 

fDpbn  change 

■  ■ 

CohclTtrdnaT 

jUpbn  change 

TA  . . . 

CondTtronaT 

ITfchahged 

N'""-:.'. 

CondTtronaT 

iTfchahged 

..... _ 

N 

[SEalic -  1  .  1 

N' 

Conditional 

jUpon  change 

-  r  \ 

CdndTtronaT’^™  • 

|Up5n  change 

_  .  s  _ i. 

ConaifionaT""™""""” 

jTrcfiarged 

N  ,  -I 

CbndiironaT 

ITfchahged 

Cbncfiirorial 

iTfchahged 

ConditToriaF' 

“jTfchahged 

CondTtronaT  ■■■  "" 

[Tfchahged 

■  V;  V  • 

ConcfilTonaT 

“ITfchahged 

CondTtronaT 

ITfchahged 

•fq --“•""—-■•••••••••""■■■■■■"-I 

ConditTonal 

1 

Conditional 

N 

ConditTonal 

1 

^  ...j 

Cbiiditidhar  * 

N 

CohditTonar  t 

;n  : . . . . . . 

CbhdTtTonal  I 

|N  » 

CoriditionaT  i 

N 

CdhditidlTal 

N 

Cohdit'ionar 

N 

CbndTtlonar 

^  ..  ..........  .........  .... 

C’dhdTtTonaT 

In 

CohdTtTonaT 

Vi 

C'dhditTonaT 

Vi . . 

CdhdTtTonaT 

Vi . 

CbndTtTonaT 

H  . - 

CbnditTdnaT 

H 

CbiiditTonar 

IN'" . ■ . . 

CbndTtidnaT 

.j  • 

CondifibnaT”"  ^ 

Conditional  j 

1^:1 . . 

Updateable/Reflectabte 


Object/Interaction 


Attribute/Parameter 


SavelsScHeduled 
ScKeduTedS’aveTim^ 
RTIvereion — 
Dif'eclTon 
CycIe'ClTange  ■ 


Datatype 


|L 

oc 

[P 

C( 

Bf 

P 

mi 

1a 

: 

m( 

■p 

[m( 

sDecreasernSV 


ContfacfTransA 
ContractTransB” 
CdnlractDIaphTagm”**”**"''"'*'*’^ 
CdnlFactlnfeiTOirntercosWs 
C6n!r^dExferi^irnTerc5sli^^ 


ContractAbdominals 


ReraxA&13omTnals 


nWam\BmWr^efc6s^ls 


RelaxlExternallntercxistaTs 


RelaxDrapfiragm 


ParasyrnHeariRateihcrease 


rhcreas(^eaftRate 


DecreaseHe^rtR’afe 


RarasyrnmcreaseRate 


TncreaseRate 


DecreaseRate 


DiTateArtery 


CdnslrTcfAHery 
Refu7nT6N6iTharp02 
Lowpa2 


Tncreas^P 


Ai 

Amdunf 
Ai 
Ai 
Ai 

Amdunf 
Amdunf 
Arribunf 
Amount 
Ambunf 
Amount 
Amount 
Ai 

Ambunf 
Amount 
Ambunf 
Amount 
A 
A 

Ambunf 

paSWile 


pa2Value 


fIbafTT' 


doubTe  ■ 


‘dbuBTe’ 

crbuBTe““““* 

bbiiBTe 

bbubte"’"'*" 


DecreaseBP“““***‘-^“ 

AveblarirrMntBensecf 
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Object/Interaction 

Attribute/Parameter 

Datatype 

Cardinality 

BronchiolelrritantSensed 

string 

1 

. . .  . 

LarynxIrrilantSerised 

Locallori 

sWg 

TracfieaTrntantSensed 

UocaUoh 

string 

T" 

TfssDTsfressTi 

pa2olTissGfp 

float' 

1  ■  ,  ■  ■ 

pC‘02ofnssGrp 

float  ; 

1  , 

wfiTcFiProbTem 

string 

T”" 

TissDTsfressg 

p02bfnssGrp 

float 

T" 

wfiTcbPrbbTe’m 

string 

T"  “  ■ 

'pCO^'oTnssG'rp 

float 

1 . . . 

■nssDTsfressf 

'p02bfnssGfp 

float 

T-  ■ 

pCaSofTiisGrp — - - 

float 

T~  ■ 

wblcTiProbfern 

string 

T 

TTssDisF^se 

pO^ofnssGrp"”" - - 

floal 

1  .... 

npCmofTissGrp -  " 

float 

f 

wbicbProblem 

string 

■nssDTsfresscT 

p02ofnssGrp 

float 

T 

'pC'026fnssGrp 

float  .  ,  ,  - 

wfiTcbProbFem  : 

string 

Tf^DTstressc 

'■p02bfTissGfpr^^^^^^ : 

^  ■■  ■■ . . 

;pra26frgsGrp^  .  :  - 

float  ;  .  :  V  *■ 

wbicbPrbblem  / 

sfrihg  ,  ^ 

TissDTsff^sT) 

•p02ofTissGrp  . 

floal 

•pCmofnssGrp 

float 

wblcfiProblem 

string 

1  f 

TfssDisIres^sa 

p02ofnssGrp 

any 

1  .  ..V 

wbicfiPrbblem 

string 

1  ■ 

pC’0'2ofnssGrp 

float 

1 

TracAcfifS”  - 

TurnOn 

string 

1 

Levero^lfrilanl' 

siring 

^1 

raryAcflS - * - 

TurnOn 

string 

1 

levelofTfrilfanf’*’'"**"*****  “"""i 

string 

'1 

B'ronAcifIS 

TurnOh 

string 

T  '  . 

Ueveroflfrilanf 

string 

'1  . ,  ,  . 

AvelAcflS - - - - - 

TurnOri 

string 

“1 . ■ 

LeverofifrilBnf 

'string 

•1 

- - - - - 

ATert'Severffy 

string 

’Alerflexir" - "" 

sfrihg 

‘1  . . 

'ATertID* . 

string 

“1 

SemceLogAr^meriis 

-Flanarer”’ - - - 

sfnrig 

;i  . 

[Han'argJ  ■  ■ 

string 

1 

HandFeSef 

stnrig 

!l 

OBjec^tlDorCouifif 

sfririg 

*1 

'TagCTrOlieTOTName - 

string 

I'-:"',;, . 

i^ng  /  :  ;  - 

,■  .  . 

EnumeratTon 

string  ■ 

1 . 

BboFean 

string 

1-. 
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Resolution 


Accuracy 


Accuracy  Condition 


irhm’Hg 

lentfis  .  .  . 

■{enSRs™  ■“  ,  , 

'RZA**  ^  -  v  " 

KI7A . 

[Niwr  ■  ■  "7  ,"  •  ■ 

rffm  Rg 

[IfiousanSIlHs 

WK - - *** 

|N77C  • 

N/A 

\WK .  " 

WA  "  ■  - 

|N/A .  ., 

I 

WK  -  -  I 

z 

I 

I 

.  I 

j 

always 

Ifways” 

alw^s 

always 

always 

always 

always 

always 

always 

.  iaiways 

iaiways 

[always 

jiSw^s 

always 


always 


always 


‘~""ialwBys“ 

jaYways*** 

■“jaYways"* 

“T'jalways"' 


[ilways 

1 

(A 

iaiways 

ry  jalways 

iaiways 
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Attribute/Parameter  Definitions 


Object/Interaction 

Attribute/Parameter 

Datatype 

Cardinality 

Objectinformatjon 

'objectlD 

string 

1 

UockedAiRriButes 

sfring 

r  - 

'ReglsferedClass 

sfnng 

1 . . 

RepresenfedClass 

siirihg 

1  ■ 

PuBIIsRrngClass''"’’™ 

’OBJecfCIass - 

sfirTrig 

■> 

InferacfronCIass""""” 

sfrmg 

1 

SuBscriBlngCTass 

'OBJeaClasr'"""™^^^ 

sfrTrig 

. ; . 

ThferactlofiCTass 

sfrmg” 

1 . . 

Sernmlhg - 

FedRepdrt’Peffdd 

'sfnng 

1  ■ 

Tl'meRep^ortPenocI 

sfrmg 

T 

OBjectRepoTiPendd 

sfrmg 

. 

l^iequesifOBjeclInform 

•OBjecflD - -  - 

sfrmg 

Mo'difyAftriBuifeStaie 

OBjecflD" - :  "■■■ 

string 

T" . 

ArrlBulelD"""""""" - 

sfrmg 

1 . . . ■ 

ToRenBiaFe  ' 

sfrihg 

. . 

DoiR'esTgnFiHeratioSnExec^ 

ResignActTon 

sfrtng 

. . ; . ,  - 

DoDeleTeOBjeCf""” - 1 

OBjecflD"  ■ 

string  i 

1 

Time”' 

sfnng  >  .  . 

I'"- “7  ....c/..  .  : 

Tag  •; 

sfnng  ..  .  .  ^ ^  . 

DoSeti:6olcaHea“a'""r  ■ 

IToolcaHeacr 

sfdng  t  "  . 

DoSeitTimeCdnstramed 

Sf^e  :  , 

string  .  ^  ^ . 

1.,.. 

Control 

SetServiceUogging 

sfnng .  r:  < 

1  .-v:-',:’  -v  .. 

SeftxgFIle 

sfnng  ,  ,  , 

r—~  . 

DeTeteC>b]ect 

slrmg  :  .  r  -  ^ 

DequeueFlFO*^^"""’^^ 

i^i^hg  r>- 

1.  ^ 
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Attribute/Parameter  Definitions 


Units 

Resolution 

;  Accuracy 

Accuracy  Condition 

perfect  ““ 

always 

perfect 

always 

perfect 

iSfways 

perfect 

always 

perfect 

always 

perfect 

always 

j^rfect 

always 

perfect 

always 

perfect 

aTways 

perfect 

iSfways 

perfect 

'always 

perf^t 

aTways 

perfect 

always 

perfect 

always 

perfect 

always 

perfect 

always 

perfect 

always 

pe’rfect  ;  -v.: 

aTways 

perfect •; -T'f ;v ' ' V"' 

always  :•  , •■■■' v  ;  y  . 

perfect  ■-;; 

always  ^ 

perfect 

alwi^  ;  ■  -  Y 

perfe^  :: 

always 

■ '  ■  ■•■‘■■-'.  ,.  •'.  '■  i-":  '  -^^' 

always  ■;■ 

perfect  .n*; •  - 

almys  ■ 

perfect 

alwi^ 
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Enumerated  Datatype  Table 


Identifier 

Enumerator 

Representation 

Humanbtateuata 

Alive 

1 

'DeacT . 

2 . 
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Complex  Datatype  Table 


Complex 

Datatype 

Field 

Name 

Datatype 

Cardinality 

Units 

Resolutlorj  Accuracy 

Accuracy 

Condition 

LocationXY 

‘AirConstitu" 

entPercent 

X 

Tloa! 

1 

m 

integer  valq  perfect 

always 

'Y . 

float 

1 - 

m 

mtege’r  varul  peiTecf 

always 

COpef - ' 

'floaf . . 

1 

perce'ritage 

integer  val’ii  perfect 

always 

[Argohper 

float 

if - 

perceri^’ge 

Tntege’f  vaTuperfec^^ 

'always 

[’02per 

■float’ . 

— 

percentage 

Integer  vaTq  perfect' 

'always 

[•COW""" 

■floaf . 

. 

percentage 

Tntege'fvad'perfect' 

'always 

[N2pef - 

Yloaf . 

n - 

percentage 

integ'ei^  'valuj  perfect' 

'always 
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Component  Structure  Table 


Class 

Component 

Component 

Larynx 

Epiglottis 

CararovascuTarSysfem 

fleartVaTv^ 

Heart . . 

'fleartChamBefs 

Hea^aTves 

Hea'rtChambers 

'CardrovasciflarDuc^bfR 

'HeaftTissue 

RespVratoiySystem 

TfioracTcCavTfy 

Re’spiratoryDuctworR 

XungC’ond'ucFrigZohe 

UungR’espTrafoiyZone 

Lungs 

LufiglRespTfaforyZone 

UungConductingZbhe 

LungTIssue 

LungTissiie 

Pleural'Cavlty 

Respiratoryf[^uscTes' 
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Associations  Table 


Class 

Association  |  Class 

Aorticu^iKecpt 

MemberPartnerA  I  vagusNV  ( i  ransmit  into  trom  s 

CarorOSRecpf . . 

MemberPaTtnerB 

GlossopharyngealNV 

BAHOAorfrOTcTi'  . 

MemBerPartnefC 

VagusiW 

BAROCaroirdSTnui 

MemBefPartnerD 

GlossopmaryngeaiNV 

WeaulPHRecpf - - 

A“ss6cBlruc][uTeA 

B^ecfuiraCardToReg 

ByrfipABciomVTscNV 

Ben7es1 

ABclo’mVFscArtU 

SymlpafhetTcCard^^ 

Serves2 

Reaft 

SympBronch'ialKIV* 

Ben/es3 

BrdhcftialArf 

'SympCafdficiNV 

Berves4 

GommonCardMATtL 

ByiripEsopFiglW 

ServesS 

EsdphagusTrssLie 

BympExtTIlTacNV - 

ServesB 

Ext’emaniliacAftR' 

SymplhTfllTacW 

ServesT 

TniernafllliacArll 

SympRenaTNV 

‘Serves 

RenaTAft 

‘SyrripBubcIavrariNV 

‘Serves9 

‘S'uBciravianArtll 

AbdbmlnalNV 

iServeslO' 

ABciornPafiefAftL 

‘GTdssdpTiaryngeaTRV 

‘Servesfl 

Heart 

TntefcdstaTNV 

’Seives12 

TntercosSlArt 

FhreniclW 

*Serves13 

DTapTiragnfi 

VaguslW 

Servesf4 

WeM 

FluenicVeTn 

DrarnsT 

DTapFragrri 

'AzygdWeTn 

TDrains2 

'EsophagusTTssue 

CordnaryVeTnR 

Drams3 

FieartTissue 

CoFonaryVeThl 

Drains4‘* 

He'artTissue 

E'>SernaTII[acVeinR 

DraTnsS 

tdwertirflBTissue 

HxfernalTIliacVernX 

Drains‘6 

UdwernrifiBTissue 

Hepati'cPdrtalVeiri 

Drams? 

'ABdorfMsceraTTssue 

InlemanilTacVeTnr 

DramsS 

TntTliiacVTscWPanefTissue  i 

Ini^aflllTac\7eI^ - 

DramsQ 

TntTIlTacViscWPanetTTssue  ^ 

JugiirarVeihsL 

Drain’s 

HeadNecPiSpneTTssue 

Jiigiila^einsR 

Dramsfl 

ReadR  ecRS  pi  neTTssu  e 

Subclavian  VeiriL 

Drarnsf2 

UpperLimbTissue 

SiibciavianVeiriR 

DramsfS 

’Uppernm5TTssue“ 

TnfendrVenaCava 

Tfansportsi 

RepaircPdrialVern 

SuperiorVehaCava 

Transpdrts‘2‘  .  ‘ 

"AzygosVein 

LungRespiratbryZbhe 

PuTmonaryR'tB 

PuTirionaryA’rt’efyL  '2' 

LuriglRespTfafoiyZone 

PulmdnaryRf? 

PuTrhonaiyArferyR  2 

AtriaRlght 

PurmdnaryR’t'i 

TnferiorVeriaCava  ^ 

TnfenorVeria'Cava 

ForrfiedByl 

ThtefnaTflliacVeml 

BracbTocephaircVeinL 

Fornn^By2‘ 

“S’uB'cIavianVeinll 

BTachfocepPiaircVeinR 

F6nnedBy3‘ 

SuB’cIavlaiiVeinR 

VentrlcTeRIghl' 

T^uImoharyRf2 

‘AtrTaRTgHf 

PulmbnaryTrunk 

Pul’irrdnaryR'tS 

VeriirideRTgh'f 

PuImohaiyAiTeryir^ 

|PulmonaryRt4  i  Pulmonary  Trunk 

PuimonaryArteryR  2 

pulrnonaryRfS  iPulmonafVTmnR 

PuImonaryVeTnsU  T 

fPulmonafyRtS  TCungCondudingZone 

PufirionalvVeTnsP  2 

TPuIrndmrvRtS  jUungRespiratbryZone 

Atnarefr'--**  “*  “  “** 

|Pulrnbnaf^t'1D  TP‘ulmonar7^emst  Sf 
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Associations  Table 


Class 

Class 

Class 

AbclomVrscSrtR' - 

AbdomVisceraTTssue 

Hearfrissue 

CofonaryArleiyL' 

CorbfiaiyArteiyR 

UungTissue 

CommonCarotidArtR 

ReadRecRSprneTTssLie 

EsophageaFArl 

ExterrianilTacArlU 

rowertimbTIssue 

TntemaniTaaArtR 

TntTIlTacViscRPanetTissiie 

KidneyTTssiie 

EubciaviahArtR 

OpperUmbTissue 

'Abdominal 

'AbdomPanetArfR 

TntemaThtefcbstals 

ExternalTnTefcos^Ts 

SuperiorPhTenlcArl 

TnternaTntercbsfars 

'Extefriairnf^cos^Ts 

LiingTissue 

FhreriicVeTn 

[RefialVern 

B'racIiiocepbaircVe^ 

BTachIbcepbaircVei'nt 

SuperidrVehaCava 

"CofonaryV&nR 

C'bronaryVelnR 

TnternarniTacVeinR - - 

Exter'naTIIIacVeTnR 

Ext'ernanilTacVeTnU’*^ 

'JugurarNTeinsC 

'JiigulafVeinsR 

i 
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Associations  Table 


Class 

Association 

Class 

AtriaLett - 

PulmonaryRtli 

PulmonaryVeinsL  2 

VentrlcTeLeff 

PulmbnaryR{T2 

Atfialeft 

Aorta 

PuTmbnaryRtlcr 

VeritricTeLeft 

PuTmonaryTrufiR' 

PuTmbnafyS'Ct 

CoronaryVeTriR 

FulfnonaryAffefyll  2 

PuTmbnarySC2 

PuTmbnaiyTrunR 

PulmohaiyAr!eryRT' . . 

PuTmbnaryB'C’3 

PuTmbnaryTmnR 

UungRespTfaitbryZbhe 

PulmbnarySC4 

PuTmbnaryArteryL  ^ 

Lu  ngRespTfafbiyZbne 

PulifibnaPySCB 

PuTmbnaryArlefyR  2 

PulmbnaiyVeTnsL  2 

PulmonaryS'C8“ 

LungRespfafoiyZbne 

PuTmonaryArteryP  2 

PulmonarySCy 

llungRespTrafbiyZohe 

Aorta 

PuTmbnarySCB~ 

PulmbnaryVernst  2^ 

Aorta 

PuTmbnaryB‘C‘9 

PuimoharyAirleryR  2 

AortTcArch 

"Byst’ClrcDell 

'Aorta 

DescenbrngAorta 

Byst'CrrcDer2 

Aorta 

AscencJIngAorfa 

"Bysf'CircDelS 

'Aorta 

Cdrbna^ArteryL 

SysfCircDer4 

AscehdlngAbrS 

’CorbriaiyArteiyR 

SysfCircDelS 

AscendIngAbrta 

BracTilocephaircArt 

Sysf’CircDelB 

AbrtJcArch' 

'CornrnonCafofi’dArlir 

BystCFcDel7 

'AbrtTcA’rcPi 

’S’uBclavrariArtlC 

S'ysfCircDerS 

AortTcArch 

‘CommonCarofidArtP 

SysfCIrcCfelQ 

BrachlbcephalTcArt 

SuSaavianArtR - 

SysfCIrcDelfCF* 

BracblbcephaircAff* 

ABciomPanefArtll 

'BystCircDeliT*** 

DescendingAbrta 

AbdbitiPanetArtR 

■SysfCnrcDelT2 

DescehdingAb'rta 

ABcloriMscAar - - 

SysfCircDelfS^  i 

'DescendihgAbrta 

ABdomVTscArtR' - 

■SysfCircDerT4 

DescehdihgAbrta 

BronchlalArt 

S'ystCircDelfS 

DescendirigAorta 

EsbpbagealArt 

SysfCrfcD’elfS 

DescendirigAbrta 

lliracAFir  ■ 

SysfCTrcDel'T?  ] 

DescehclingAbrta 

WacAHR"”""" - 

BysfCircDeTfS  . "1 

Des'cendingAb’rta 

ThtercbstalArt 

SysfCircDelT9  I 

DescendingAorta 

RenaTArt 

SysiCircDer^O  i 

DescendihgAbrta 

B’bperibrPhrenlcArt 

■SVsfCircDeT2T^ 

DescendlrigAorta 

InternanilTacA'rtI 

BysTCircDel22 

TIITacArtll 

ExternalTIlIacArtL 

BysfCrrcDer2'3  ' 

TliracArtt 

ExtefnanilTacAHR 

'SysfCircDel24 

TliracSftR' 

ThferfraTIlTaGSrlR""  - 

SFfCircDer2)5 - 

TIlTacArtR 

ABdomVisceraTTssue 

Suppliebi 

ABdb'mVTscArtt 

ABdomVTsceraTTssiie 

Bupplied2 

ABdomVTscArtR 

Diapbragm 

|Bup^Ted3~ 

BuperlbrPhrehTcArt 

EsopF^gu^TTssue 

’S'uppfiecf4' 

EsdphageaTArt 

ReadTTecRB  piheTTssue 

■Bup^IeaS 

CbmmohCarbfidArtU 

ReadTTecRSprneTissue 

SuppiiedB’ 

CbmmbnCarbfid'ArtR 

RearflTssue 

’Supplled7 

CbroTiaryArteryC 

HearflTssue 

BuppHedB 

CbrbhaiyArteryR  i 

TntTinacViscRPanetTiss^^ 

SuppiedS 

ThternaTIlTacArtR 

TntllllacViscWPaffetTTssue 

SuppieariO 

ThfemaTIllTacArtr 
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Associations  Table 


Class 

Association 

Class 

KidneyTlssue 

SuppliedH 

RenaiArt 

LowerLimBTfss’ue 

Suppiiedl^ 

ExterrialTIlTacAiiL 

LowernfiriBTTssue 

SupplTedlS 

ExtefrianilTacArtR 

lliingTissue 

■S’upplTM14 

BrorichlalArl 

UppefUffiBTTssue 

■SLi’pplTed15 

'S’uBciavianArtR 

DpperETfriBTTssue 

”SupplTed16 

BuBclavianArtL 

ExpTratofyCenter 

Recrpfdcai 

InsplratoryC'ent'ef 

Pneumotaxic/lntegr^^^^ 

MonildrsflTrilegrafes 

IWeduHaVasomotorReg 

Fneumofaxic/lnt^^^^ 

"Reself 

"ExpiraToryCenter 

04/27/98  17:37:53 


Bronch7a 


Symlp'AEidoiWiscNV 


SympHsophgNIV 


'SympCaroWaNV* 


SympBuBclavrariNV 


SympTnllllTacW — 
Bym^xillllac^V 
SympRenaTNV"** 
ByHpHrohchlalNV 
Sy’mpaffietTcCarciT^^ 


ABcloThTnalNV 


IntercostaW 


'GTossopHafyrigeaTRV 


PPirehTclW 


VaguslW 


BpiriarCoTunrin' 


MasaTCavify 


TfioracTcCavTty 


PleuralCaviry 


UpperXimBTissue 


HeaMecXS'piheTrssue 


ITowerUmBTTssue 


S’ympaflTeG^neive  goTng^fo’the’aB’tf^  -  involved  in  vasomotor  cx>m 

S‘ympalReHc"nerve  goTnglolhe“esopTiagearaHefy^rr^^ 
■SyrTipafiieXc“neivegoTngl6“!h¥*car6lB‘aHene^'ifTv^^^ 
■S'yfTipatReXc“hen7e’g6Tng‘]f6“!h’e¥ubcravranart'^^ 

j'SyiTipafhetjc“neiveg6ThyB1[helntemaTXiracarte  comman 

"SympaiflieXc“neive'wftTcTi“g6es'‘f6‘’the‘exl[ernaT1liracr^7r^ 

l‘Sympaflielj^hen/e''goTng"1[dlh¥]<rdney¥rteiyrinv6Ive3Tn  to  art 

tS‘ympaflielJc“heive‘‘wTiTcTi‘g6es'i[6'‘fh‘eXungTIssue"Bed"a 
‘  neivemmTng  TolERe  TieaH  - 'sym 

ennervafing"ffieaI>d6mihal*musc1e/’lTssue 
fq'ei^e  g5]ngY6‘fRe’lnWcosW’muscT^Tmpo’i^ 
h^erveTurnirngtoi^^^ 
nefve“njrinTngT61he’’dTajDhragm“K 
nerve’nGnnTngTolRe'He^^^ 


hervesTssoclalM'wfh'fRe  spTnaf 
cavi^~befween“lhe  nostnls  or(he’noseand’'fI^^  ^ 

Cavi!yarea^'rtfiofaxlhlhe“pRysicar’hu'man‘15o9y"Lunp‘si!uat^ 
po^enliaTsj^celSelween'lKe  parieliTanSrvlsi^ 
Tissue’g76up“served’’by‘sub‘cTavla^^ 

TTssue'gToup  serv^Xy  cbm7n6nXarol[l3^^ 
Tissue^grouplervedXy  externaT’iinacXHen 


Object  Class  Definitions 


intliliacViscNPariei  i  issue 
AbdoniVisceraTTssue 
Ki'd’neyTissue 
HeartTissue 


Term 


lEsopRagusTrssue 


tungTissue 


Res’pirafofyfi^uscles 


Definition 


TntemalliracArtR 


TdiaOTU 


AbclornFarrefA'rtll 


ABdomPariefAr^R 


ABdomVTscAfti: 


AbdoniViscArtR 


RenaTAr! 


Esophageal  Art 


ThtercostaTArt 


B'ronchlalArt 


BupendrPHrenTcArf 


SubclavianArtL 


ComrhbnCarof  id  ArtL 


BubclavianArtR 


CbfhfhbnCarbfidArtR 


BrachlocephaircAH’ 


CdronaryA'rteryR 


CoronaryArtervL 


RulmbharyArferyR 


PuTmoharyArferyL 


PQTmonaryTruhk 


UungCbhbucfirigZbhe 

LunilRespTmfoiyZo^^ 


DescehdingAorta 


AscendihgAorta 


AordcAPch 


ThTemanillacVeihR 


ThtemairilTacVeihE 


[ExTemaTIiraWeihR* 


Tissue*grbup’‘sefved’&y‘lHe'esopfieg^ 


:  Tissubg76u“p1seived'’5y ’tHe“5r^^^  artery 

‘ifruscTes“used7h7hhaTing  a^^^ 

Tfssue'(muscle)Terved’BylFeAbdomThaTFarFefal“AHerTesnef{’Tnd‘nghr‘‘‘This 
MuscTes“rhv6ivedTh7hbpfratibhTelevafeb‘lhFriBsrS'efved'b’y'f^^ 

MuscTelSssub  group  aTsb’seived‘bylhlB“lntercbstar‘/^  TTu_ 

MuscTelissue  seivedbyffie“superTbr’Phrb^^  TbTs1s’a‘‘WruscTe'6Trespiratfe 

Chefhb1sehs6r'(o‘sehsbCOZfevelslhl‘hFBlb6db7cereb7osp^ 
Sens6rl5rasFtoFefermIhepR'bfblo6d“or"bfcefeFrosp^^^  ** 

GeneraTclassFrsensbrWdetermlhe'partiarpres^^ 

ThTFaFery  sen?eslfie  nght*  ’ 

Th1FaiTefy‘ser(^eslhelel7bwer“lTr^^ 

Thls'abefyFerves'the  nghT”pervis‘rahd*?lgfif1'^^ 

ThTs’a?fery'seives~ti^~*left“^Tvis  ahF'ieft’Towefba^^  *** 

fhlsTs~tbeobmmonllllacTrteiy  rrgb'fwbich'TsTormedby'fhTsp^^^ 

fhls  TFtbe  IelPt7bmiF6n“iniac  aFeiy ntls’a ’conlhuatioh  oflbFdesc  at  the  a 

seives“fhel)acirmusclesWd*fheFBdonfi^^ 

suppITesTReabdbThiharwairaFdll^bac^ 

senJbFtheleffaFdomlharvi&ceralissuFsrFxcep^ 

artery“servesFl>F6mThaf‘vTscerarriprsider  exc^^ 

S’en/eslbFIddnbybFsu 
B¥n7eFtbeFsophagubflssue  gfoupTrarr 
sen/esTheTnfer6os‘tal“muscle’tTssiJer^^^ 


Seveslhe  lung  tissue  group,  carries  o)^gen. 
seives”thFdTapbragmmuscle’Fssue^rbup7^ 

ThTs’artei7Ts1tRefhlrd‘brahcb’ofrbnheaOTcFrcfinr^f^ansp6rts*Fiobd‘B‘'t^^ 

This  aftefy'brahch'eFoirbrfheaoFrcFrcF'irfranspor]i“Blbbd‘Tb‘tTie 
ThlsF7ahchesbffbTlhebrachiocephalTcFdei7'andrffahs^lB‘F]obbT6“fheFpper  n 
Thls‘aHery”b7ahches“frbmlheb7achTbcephaTicFidery7FiTdTrahsFbrts‘^ 
Tirstvessel{artefy)T6“brahch7rbm’‘fh¥abFicFrclFi7Frahche^^^ 
‘fhe7ighreahch”oTthe‘ascending'^ 
theTeW*b7ahcbbflhF‘ascehdThg’abdFi“sefves‘lhebea^^ 
abery~wh1cRFTfiirc»fesb¥bT1tRe'pu^onary¥uhkThlhe7rg^^^ 
aHery  whlcRFTfurcates'dffbffhF’puImohafylruhlc 

shbl^“alHenirvesseTT  S  cm  rohgTwhicFcbmes'bWbf'lM  heart;  an 

|Bu‘IK’flow"paiTbfFiwaysrhb“gas'e)^  ^ 

Cb7cepFjaT“paFbT'the”respirato’iyFystem:*a’nafuTa^^ 
fhe’bescenFrhgFranch’bfr’of'^  “  -*  ' 

][heascending“b^ 

fheFrahcFhg  ofFieabi^‘*pbsferTbr!7and‘B‘lFe1eftl?y^^^ 


DraTns~thiFIKflTfiacViscf^Par1etTrssue7ighTsTdera7idT6ihs^ 

D7a1ns“{he  InflTfiFcViscf^PaneTrissuFfeff’sTderahd  joins  w  vein  to  f 

lDrains“the  ibv7enimb‘lTs¥ue  group  nghTside7ahFuh  with  the  ihferhaTiniac  to  ultima 
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Object  Class  Definitions 


Term 

Definition 

Drains  Uie  lower  limb  tissue  group  -left  side. 

TfansporYVeFn.  Major  conduit  returning 'b'Idod  from  the  azygos  ,  the  right  and  left  brae 

TnfenorVehaCava 

TranspidH'VeFn.  VeYn  conduit  Into  heart’ OTcPi  is  formed  By  ttie  ilHac  veirFs,  and  returns 

RerialVeTn 

'draFns  ’tFe^Rld’ney  ‘fis“sue  grdu’p.  Empties  Into  fifie  Fnfenor  v’en’a  cava  transport  vein. 

PhrenicVeIn  I 

D’faFns  the 'draoh'ragm  rhusef^tissue  group;  empties  in\6  the  Fhfenbf  vena  cava,  a  trans 

HepaflcPorfalVeln  j 

D‘raFns'’tfie  AMomViscefaTiss^^^  group,  em’plTes  into  the  Thfeffdr  vena  cava,  a  transpor 

AzygosVein  I 

D’faFns“fhe‘Es6ph‘agusTI^^^  the  ThfefebstaT  Tissue  groups,  the  Itihg  tissue,  a 

BracHocephaTicVe7nR . 

TrahsporTveiri  -  ‘fetlimsBIddd  to  the  supendf  vena  cava  frorh  the  right  side. 

BracfViocephaTic^^^  I 

transport  vein  -  to  the  su’penof  vena  ’cava  (ffdrti  (eft)' 

SuBclaviariVerriR  | 

D’raFns  theUpper  Omb  TFssue  (rFght  sFde)  “and  joFhs  with  the  f ighT  jugular  vein  to  form 

SuBcfavianVernU  | 

'veFh  ‘draThFhg  uppe'f  HifiB  tissue  (felt)’ ;  Ft  Joins  with  the  juguTaf  vein  (L)  to  form  left  brach 

JugurarVeTrisR 

ararns  ReadNecRSplne  Ksue  group  (ngPif  siaS)' .  aoTfis  wiffi  !Re  subclavian  vein  (right) 

■JugularVeirisL 

DraTns'HiiaiTecTfSprnelisi^  group  (leR  side).  Joins  witfi  tbe  suETclvran  vein  to  for 

nght  pulmbh'aiy  vans  (2)  cairyThg  blood  from  the  lung  to  the  right  atrium  or  the  heart ; 

Feft  pulmdhary  veFngs  (2)  carrying  Blood  from  the  'iungs  to  the  Teft  atrium 

tfahsportlbFood^from’h'ea^  (fight  sidd)  to  the  fipt  atfiuhri 

(CoronaryV^^nL 

tfahsp6fts“5166d  from  heart  tissue  ‘(left  sTde)  to  the  fight  atfiiirh  of  the  heart 

The  pre^ure  sensor  for  the  aortic  arch. 

BAROC^tiaSir^  . 

The  pfe^ure  sehsdf  for  the  carotid  sirious  body. 

MeaulPHRecpT - ' 

pH  sensor  in  the  medulla;  senses  tfiepH  drcefebrospihal  fFuIdT* 

•CarofOSRecpf - ! 

The ’Q2  sensbr  iri  the  cardtid'b^ 

A6Tirca2Recpr"" - 

The  02  sensor  Fh  the  aorta 

HeartVarves - * 

Valves  foundThlhe  physicarhurhah  heaft. 

’AortlcBemTCunarVaTve 

vafve  IrTphysFral  h“urhah  h“earlTefweeh  the  left  veritncle  arid“the  ao’fla;  opens  to  letlfJo" 

RulmonafySemiCunaiVar^^ 

vaFvelnthe  physicaF human  he’art’beweeh  the  fighTvefitricle  and  the  pulmonary  trunk 

MitfalVaTve - 

ValveTfTthe  physical  human ‘heart  between  the  left  afrium  and  the  (eft  vehtficle.  Blocxl 

TncuspIdVaTve 

ValveTrtlRel^ysFcal  human  Fi‘ea“rt  B'etweeh ‘aTsd  between  the  right  vehfficfe  and  the  pu 

RearfCRarifibers 

‘Ch’afhber  ^Re  a?eas  fnthe  heart 

VenfricTeLeflf - 

"Ch’afhber  in  th“e  ph’ysicaf’hurriah  heart. 

VentreSRipT - 

Chamber  Irrfh“e  ph'ysical“humah  Feart. 

AiriaUeff - - - 

'CFamber  ih  the  ph‘yslral“humah  heart' 

AfrTaRigTif - 

‘Ch’amber  In  the  physicarhum'ah  h'eart 

WOTWasoftiofoTReg - 

'The  ‘fhedulla^s  vasomotor  regulatory  center. 

MecfuiraCafclibReg 

The  medulla’s  ^fdio  regulatory  ‘cehter 

WeaullaRespmeg - - - 

[The  ‘m‘edulla’'“s  fespFfafory  regulatory  system. 

ThspIratoiyCenfef 

[‘A’type  of  respiratory  center  ih  th’e  medulla 

HxpTrato^C'enfer 

^A  type  of  respiratory  “cehter  in  the  hn'ed'uHa 

Rneumotaxi’c/rnfe^^^ 

:  A  type  orfes’pFfatory  cehter  ih  the  medulla;  if  fhddifi^  the  length  ‘of  the  cycle  lirfie  (bre 

MeauTCr02Recpf - 

'Th“e  ’C‘02  sensor  Fh  the  medulla  receive  cdrihput'e  send  fegioh 

CardFovascuTarSyst'em 

:Th“e  physlologTSTsysfem  ih  the  human  Bo’dy  pertaining  to  Blood  flow  through  the  heart 

RespifalforySyst'em 

iRhysIoIogi^l  systerti  pertaihlhg  to  Breathing  and  oxygenation;  ah  a^Fact  class  comp 

Av^'larlrrifantSensdr 

BidrogTcaT  sensor  fcelFs)  ih  the  Lung  REspTfato'fy  Zone  which  sense  the  presehse  of  im 

B’r6nchl6l’eTmtantSeris*(^^^ 

^BIoFogTcaT  sensTorslceds)  ih  the  RemarhlhgB’fd'hchiaNetwbrk  which  ‘sense  the  pfesenc 

LarynxlrritahYSensor 

Biological  se“hsors  (cells‘nFF“elafyhx  which  sense  the  presense  of  imfehts  such  as  a 

TfacTieaTrniantSensof 

tBidrbgicaT  sensor  fcelFsl  in  th’e  trachea  which  sense  the  presence  of  irritants  such  as 

BoayBwIronWaW - 

|Th“e  envIronmehtarSctbrs  su’rrbuhdihg  the  body 

MeSullRecvSencJComp^^^^ 

jThe  bveral  medulla 
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Object  Class  Definitions 


Term 

Definition 

Manager 

Manager  class  for  the  management  object  model. 

Federate 

Manapr  s u  Bcrass  for  federates  specific  infdrmatfori. 

Federation 

jMahapr  subcFass  for  fedefatlbri  spcific  mfbrmaffdh. 
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Term  I  Definition 


xpiratory  RViessage  to  start  the  expiratory  sequence 

'CeaseTnhale  . IWFienlFe^pigToffis'closesTlHeTn^^^ 

ThMfronMaxlrnurfi  fThelungsTrFartheirfna^^ 

CFangeCycleTime . fMoaiiylFe’BreatFng*pen6HT6r’lKe’recip^ 

DpehFpTglolis  |Messap~fo“open’tFe  epigloft^^^^^ 

CrdseHpigToftTF .  tMessap“f6“close’tlie‘e‘piglol[tTs';WeiJlrrtl^^ 


ConstrTctBroncBToles 

TfnfanfBensed* - 

TrrSerisorA^cfivated‘‘“* 
CFangeAl^eryDramei 
TTssDTsfressTrans . 


Trssu^is'fress 


js  iT^e‘effecWe“dTafnet*erof’fh‘e‘BroncFals¥eiFgTeduc«<f’3’ue"to‘t^^^ 

. ’*’*iTnreractr6nWpercTass  whose'suBcIassesare'^'ecrficT^^^^ 

I’One  offFeTmfanfsensors 'fias'beeFacfi^’fed’By’pal^CT 
iefefCom|mteractr6nlo  chanp‘tlie‘diameTer“6Tan  ai^^ 

"TfaFsrnif(iFg“of’lB’elissue‘drstress'’sTpisrffom~lFesym^^^ 
TffisTni[erac¥6nTnvolves"i[he"frssue”groups"nee3s’l6r'’oxygen*^^^^ 


DecreaseReaftBlroReVoluirfCommandlo’decreaseWBeaffslFo^ 
TncreaseKeaHSfrokW6Tum“|command“fol:Bange’'the‘sfroRe  volumen5f“'tlieTieaR-f^^ 

R'S¥6keV61umeDeCrTrans‘‘‘fFansmissionW6nilBe‘'cardio  reg  cenlen^  nerve  g 

FIBirokWolumelncrTrans  Irnessa^“frorn  medUlTal‘o’sympi’fFe!lc¥ardiace7ii’rve“^ 
ifFessage“ff6im  nervesB'lieaft'B'cM 

HeaHRateTrans  ”|fnessagF¥6rn  rned'ulTa  ^o'specnc  nervesToTelaymessa^^ 

ChemPHParasymTrans  |Nf^sage¥ansrnlft’ed'Tfom1[he7nedull¥¥rffie  paras^^ 

ChlemPHSympTfans  fTransmlssioFofBata'Wm1[he’medullarasa‘resint’oTpi?too7^ 

RelaxTfansA  |rnessag¥ffomTnspratdry'cenferTospecTfic“hervesli^r^^  re 

iTfansmlfre31nessap"frdm'expTfalor^cenfer“tcrn 
ContractTransA  ’  fmessagFfrornTnsplratorycenfeno  specific  rierveslrivbl^ 


ReaFRateCommand 


ReraxTfansB 


ConfractTfansA' 


"ConFactTfansB’  .  |Messa^fronT'^pTrafoi7‘c'enlerT6"neinJSs7nvolveF 

’Relax  |alFr^sage"!6~rel'ax¥'e  muscl'es-lnCT^ 

’Conlracf  fa  messagelo  oonTracf'tbe 

ConfracfDiapFragm  |rF^’sa^focoh¥acf’fh’e'dTapB'ragmlnuscles““Us^ 

CdnFaH]nTernalThWcosiiaTs1rnessage!oc»n¥ac][lfie7nTernannfei^^ 
’'ConfrFcfPxternaITnt‘efcoslaTTCon{racflFie”e)Fefnal‘lhTercds^Ts^usBe¥used'^^^^^ 
'CbWFcfABHomThafs  |fnes¥age  to  aBdomlnai*  musclesTo ‘oontracf^ltBese'r^^ 

RelaxABdomirials  |a  message^oT^ax'the  ab’do'mlnaTTnQ'scles^^ 

R'eTaxTnternaTI'n^^^^^  iFmessagelo  relaxWHercosWmu^^^ 

Refax'^e  exWna)‘intero6sfarm‘uscles”usedf'iFi^^^ 

,  a  message^o  rerax’the’dia  pFragmln^^ 


ReTaxExtemanntercostais 


ReTaxDIapfiragm 


RarasymHeai¥tafelncrease|TransiTHSSion  ofmessag^frorn’cardibf^  h 


IhcreaseWa^^^ 


DecreaseHeartR'afe 


FarasyfnrncfeaseRate 


ThcreaseRate 


DecreaseRate 


DMeArtery 


ConstrTcWtery 


RefurnToRormaW^***'** 


Lowp02 


TncreaseBP” 


,  - - 

DecreaseBP 


Av^arlrrllSfnlBensed 


co‘mmandT6”increaselhe"beaH’permin^ 

1 155'i¥mand“{6“hearl‘'lb”decrease 
"''ITransmif  niessageTbranlncfeaie^IhlieaftTatetbru^ 
‘■’“llnsrructronlof  nefve‘fb‘relaylblhcrease¥¥5eat^ 
rnsfrucTibn“W‘nen7e*tb7eTay’fobfecrease‘tbe‘5e^ 
jDecreas^aHely  cirametef-vas^^^  ‘ 

I  Aftery'bflSmefeFls  decreasing^ 
•The“pO‘21sTTiigh¥eTatrveloltsT6rerly'fooloWva^^ 
pft7arpressu7¥of021sT6wa¥rneasured¥YU2sensorsTn"ei]^^ 
K^essage  tFiafaFTncreaselnTjTood’pressu 
Mes¥ag¥tfiafa*3ecrease7FbT6bJpressur¥r^^ 


Presense  of  an  irrilanns  communi'cafed 


Object  Interaction  Definitions 


Term 

Definition 

BronchioleIrritantSensed 

presence  of  an  irritant  Is  communicated 

Lal^nxlrrlfant^^  . 

presence  of  an  Tfrifant  is  coifimunjcated 

TracTieaTmta  nfSensed 

■presence  of  an  ifrifant  is  communicate 

Tr^DTsfessh" - 

Liing  tissue  distress  due  to  low  oxygen  dr  fiigh  'CO'2 

TissDTsfressg 

'Hsdphegeaf  tissue  disffess  due  to  low  oxygen  or  fiigb  COZ 

TissDlsfrissf - 

Kidney  tissue  group  distress  due  to  low  oxygen  of  high  COZ 

TissDTsfresse 

AbddfhThai  viscera  tissue  group  distress  due  to  Tow  oxygen  of  high  carbon  dioxide 

‘nssDTstressa* 

Tissue  group  ThcTudihg  vise  and  parietal  seN^  by  the  Infernal  illiac  artery  distress  due 

TissDTsfr^sc 

tow  02  ‘orTilgb  002  distress  Th  fowerlimb'fissue 

TTssDTsfressb 

Tissue  dis¥ess  calf  -  fidf  enough  oxygen  or  loo  much  carbon  dioxide  -  -In  the  head,he 

TissDTsfressa 

^The  oxygen  ifi  the  uppe’f  limb  tissue  group  is  too  low,  of  the  carbon  dioxide  is  too  high 

tracActlS 

The  Iffi'taht  sensor  i'h  tbe  ffacR’ea  is  acllviled  by  fhe  pfeserice  of 'parti'euiate’s 

LaryAcflS 

'Th'e  Ifrlfenf  sehsof  ifi  the  larynx  Is  activated  by  the  presence  of  particulates 

BTonAcKlS 

The  bronchia  irritant  sehsof  Is  activated  by  the  'presence  of  particulates. 

AveiActrS***  - - 

The  aveolaf  Ifritahl  seh'sb'f  has  be'efi  activited  by  paftlcuTates  hlftihg  It 

Manager 

TheMahagerTnferictioh  group  cdrftams  airMahagerfi’eht  Object  Model  interactio 

Federate 

TheM‘anager::Fedefat'e  mfefac'flon  group  cd'hlaTns  all  MOM  Tnfefactfdhs  assocta 

Alert 

The  Manager::Fedefafe::Alefnnferaction  allows  tbe  RTI  fo  ihfoffh  'fhe  federation 

S'erviceLog 

TheTS/lanager: : Fedefafe :  fSefviceLog  interacflbn  allows  detailed  tfacThg  of  RTlam 

SeiviceLo’gArgum^^^ 

TKeMa'hager::Fedbfafe::SemceLog:ISeiviceLdgArgu  Interaction  allows  d 

Objectfriformafion 

The  Manager: :  Federafe:  :‘OBj¥cllhTormatidh  i nfe^^  is  sent  by  tbe  RTl  in  resp 

FubllsfiingClass 

The  Manager:: Fedefafe: :F‘ubl]ShingClass1nteractlon  is  sent  bylfie  RTl  in  respon 

'Sul3scnbingCTass 

The  Manager:: Fedefafe: :BubscfibeCTass  mfefactldh  is  sent  by  the  RTI  in  respon 

- 

The  Manager:: Fedefafe: :*Acitibh  TnieraefToh  is  used  to  pfefofrfi  ah  action  on  a  re 

RequesifP’u 

The  Ma'hagef::Federafe::RequestPublicationTree  is”  used  to  request  that  the  RTl 

FequesfSu¥scrTptr6nTree 

ThelVlanagef::Fedefafe::RequestBubscfipir6riTfee  ThfefacfTdn  is  used  to  reques 

SetTimrng - 

The  Manager: : Fedefafe:  :SeflTmmgThleracUb¥a¥6w^^  rfiodlfTcafibh  of  a  federate’ 

FequesfDBjecHnfoim 
M6drafyAffnHufe¥tafe - 

TheManagef::Fedefafe::'A'cllon::Fequ^0bj*ecfrhf6im  mtefactloh  causes  t 

The  Manager: :  Fedefaie:  :Actidn::ModiRfMf ibuTe^^^^  ihfefacflbri  ahdws  federat 

RernbfeSiSrvic 

TheT/lahagef::Fedbrate::Acfibh::Re?hoteSefvrce^^  Ihtefacflbn  group  co 

G'ol^esignredeliiiionEcec 

The  Mahagef::Fedbfafe::Ac{16n::fTem6te‘SefvTcelhWcafrbfi::DdF'esighFederatior» 

CoWefeOBjeof - - 

The  Mahagef::Federafe::AcfTon::Ftern6ieSefvrcelnvbcafrbri  Interactio 

DoSeCooRaHeaa - - 

The  Manager: :  Fedefafe: :  Aeffon:  :RemoieSefvicelhvbcaf  Ibri : : DbSef LodkaheaSTThT 

DbSefTimeConstralnea 

The  Ma hager: : Fedefafe: : Action: :F[efhofeSe‘ivl^^^  ::DbSetLddkahead  in 

DbTumPeguraifr^^ 

The  Mahagef::Fedefafe::Actioh::RemofeSefvIcerhvbc¥frdfi::DdTu’mFeguM 

DoTurnR'eguTat^ 

The  M’ahagef : : Fedefafe:  :‘Acflbh:  :F[emofeServicelhv6’caf I^^  : : D'oTumPeg u® ionO“ 

Control 

Theltflahagef : : Fedefafe: :  Actlbn::C¥nfF6rTfrfera^^  Is  used  fo  set  service  logglh 
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ervousuuctwor 


Heart . 


Lungs  . 


Tmtan!Sensof‘' 


■nssueGroups“‘ 


EpTglofUs 


Human 


ArteivinBody 


VeTriiriHody 


Term 


ransmissionFactor  i 


ReartRate 

BtroReVoTume 

“CafdracOutpul* 

ReripFieralResislanc* 

F6rc¥OTC6nFaclion“' 

B16odPressure“ 

"•lungVo'lume 
ThWnalLu  ngPressur' 
DveralTATrwayR'esFsf' 

TfdalVdlurnF"*" - 

Dea’dAirSpace 

RespTalforyRafe 

‘LungComplIance 

ThspfratoryC'apaciF^ ' 

‘  VIS’fCapacity’*  ‘ 

Totaltu'ngCapacTty**** 

Tnsplratbl7ReseT^V 

ExpfratoryReseniW’ 

■ResrduaT^drurfie 

“Ibca’trbn 
SWus  “ 

^*MelEal56ircRare - 

pC'a2Waste - 

pO’2‘DerTiand* 
PenpFieralResTs'^- 
U2ExFric][ionC6eff^ 
PercentCardracDuT^^ 
'pG‘2omssueGr^^ — 


status 


egraaes  imormaDcn  o 


Definition 


umber  between  zero  ana  one,  inausive,  wnicn  > 

*'  Beats'pef minute 

‘  volume  of  Blood  pu7nped‘our6r6neven^^^^  bea 

‘\v6Tume‘*6f‘Br6od‘pumper‘By’fhe'rteart^  . 

*  tofarperlpherarresisfance 
‘'T67ce‘wltB"whlcRlReTieartvenfncle‘'65nfracts 

'  pressure  of'tRFBroddTnlRe^  . 

'■ ‘infernal*  voTumeofffieprtysTciro^^^^ 
■'jarf'pressureTnsidre'ffieTungsf'callea'Tntrap 
:Tf^Tsfance"fdaidi5w*in’trte'ies^^^^ 

■*  volume  ■ofaIrTnR*ared'‘6r‘*exRared'’du 
lv61ume'6f‘’respTraldry‘sysferfi‘ln*‘wRlcK’ga‘s‘ex^^ 

**  'BFeatRs‘'*^‘r*'*mlnui:e  . 

IVolume'cRangep'erTjnir’ch'an 
‘‘ThelIdar‘v61u7nepluFffie*InspTraloi7*‘'resefv*e’^^^^ 

**  ‘TR‘e‘‘sum‘‘df  *tRe ‘lldalWuWrermspIrafory**res^^^  reserve 

‘*Tfi’e‘sum’’df’tfielnsplraTdfy’’resertf‘erexprrafory‘Te^^^^  an 

rTh‘‘e’v61ume*6rarrliimaInTngafteTexpiratIbn‘^^^ 
"ThTvdlume**6f’arfremainrng‘aferTdr5aJex^^ 

**  Wume’of*‘arfrefnalninlg’arte7‘mosf‘f6rce 
■“  ‘‘Anatdmlcari'dcatlon  of  IRe'lrnf^^^ 

“TheWurrs-^af^**©^^^  - 

‘‘lBasar**mefab’oiism“raWrcdnsurfi‘pl[i6'n"df‘0’2’*need€^^ 

’‘■■’partial  pressure  ofrart)on'*df[6idde*m 
‘■■irte’partlar’pressureof*oxyge’n**n^^  ” 

;’|7^isla’n’ce’fd‘*ffie‘flow**of’BI‘dddlHm‘‘tTie*tlssue 
Tjfh’e’‘cbefificienfof*dTffusidn’fdr‘*o>^g*e^  uk 

rTR’e ’percentage  drtfie’’fd{aTca*rdla’*courpuf‘t^^^^^  the  tiss 

'■TR*e‘’a*ct’uarp’artiaf’pressuTe’’6f‘6)^gen*df’tR’e*tTs^^ 

■"  ■OPER’*drCLO'5EI!rare~tR(etwo‘‘sfaf€«’tRartrte^^^ 


■RemogTobTnBlndingP*Percenta*ge’df‘fie‘rno^bbTn  srtes’lR’afcan’Be'b’bunJ^ 

Age  Row’old'lRehurtTanBody’is  ”  . 

Weigfif  ■lh’*e‘’weig]Pit*In¥*rg’field*  " 

Telrlpefafure  l^■■mpe^atrtfe’’dftfieWm^^^  . 

Ru’manS’tafe*  ■Slate’df’lh’e’Rumanrdnry*’bslc*sia‘tesTep^^^^ 

‘SPi’urit’Fa’ctof  Perc’entagedflJoodlRarrs''^^^^ 

“p02rn  '  ^■partlaTpressure^ 

FIdwRat’e  ’  -rafe’dfflbw  ’  . 

‘Dlarri’et’er**  ‘’diamet’efbf ’arteiy  ’  ” 

pC*0*2I*n  *  ’’partlar’pfess’ureofSrbon’dfdidde'Tnf^^ 

■p021n  . .  ’^partlal'pressu’re’orS^efTin 

pC’0'21n  ■’^‘‘rtiar’pressureof^iDon’didxldeTnfd^^^^  T 

‘FfowRaTe  ’ffow  rafe’oF’Bloodrffirt^ 

‘Dlaffi’efer  ‘aiametefofaorS  “ 

■pIowRate  "flowrafe‘*df*51bod"in”vem 

‘Dlanfi’efef-  7*diam’'eferof*vein 

;pO'2’Ouf  |‘^■’rtIal*ipress*urebf  oxygen’Tn’llfeveln**-’^^^ 


diam’'eferof*vein  .  . 

‘^■’rtlaf'press’ui^bf  oxygen’rn’l[lfeveIn‘*~’*ca*r‘ned~^^  the  ti 
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Class/Interaction 


MecfuiraVasomotorR' 

eg 

WemSCafdmeg . 

MecfuiraR’esipTrReg . 

TnspTratolyC'ehW”'’^ 

HxpiraToryCenler” 

WeMCOmecpr'' 

B‘69yEnvTronf[4al^^^^ 

[Federate 


iF^^trdn 


Term 

Definition 

pS32In - ^ - 

Parital  pressure  ot  02  of  the  blood  entering  the  chamber 

■•p0-20ur - 

Partial  pressure  of  02  in  the  blood  leavihg  the  chamber  -  should  be  sa 

‘pC02ln 

Partial  pressure  of  C02  in  Blood’ ehterih'g  the  chambe'f 

•pOT20uf - 

Partial  pressure  of  C02  in  Blood  leaving  teh  chamber  -should  be  the  sa 

status 

the  state  of  the  feguTatofy  center 

’actM^State 

Qualitative  level  of ’activity  M 

'EPMorifforTTssu^ 

Th’e  vasomotor  center  serves  to  track  the  tissue  Blood  pressures;  gives 

status 

The  ‘state  of  the  regulatory  center 

"activTiyState 

Qu’alTtative  level  of  activity  In  the  state 

HPReartSysMdhltor 

Serve’s  to  keep  track  of  th’e  Blood  ’’pressure  in  the  core  as  o’pposed*  to  tff 

status 

'The  ‘state  of  the  regulatory  cerite’f 

activityS'tafe 

Q’u’alltative  level  of  activity  Trit  the  state 

CycreTirne 

'The  length  of  th'e  tlfti’e  th’at  the  center  ca’h  Be  activefy  sending”  out  mess 

CycteTime 

The  lehght  of  time  th’at  the  cenTer  rah  fae  acfively  sending  but  messages 

roStton 

'Physical  Idcati’dh  of  the  sensor 

Status 

'^ON"of"DFF" 

- 

'parilal  pf’essufe  '6f  'C'02'  In  the  IdcatTorn  ‘of  th‘‘e  sensor  as  'iiiesufed  by  the 

ExternafTemp 

The  ’ambieht  feitip  in  the  surrounding  environment 

AirPressiire 

The  pressure  of  the  aitiBIenf  environment 

'Aftifud'e - 

Feipt'aB’dv’e  sea  level 

'LocationData 

The  physical  Idcatid'h  of  th’e  body  ‘measured'wlfh  respect  to  some  specif 

Humidify 

Amount  orWater  vapbnh  the  ai^ 

Arcomponenfe 

Th’e  cdhstitu’eht  pses  of  fh''e  ambieht  almosphere 

BodyAWectors 

Ah’y’’a’dditi6”nai’  inputs  (stimuli)  ^Ich  affect  the  body 

FederateH'ost”'  1 

The  stnhg  fep’fesentation  of  the  hostname  the  federate  is  executih 

FiaeraleHanaii - 1 

The  sTrm’g  repfe’sehtatTdh  of  ahlntepf  that  Is  the  handle  assigned 

'FeaerafeiStafe 

The  st’nhg  repfesehtatidn  oFthe  integer  cdffespohdihg  to  the  >ralue 

FederateName 

The  st’nhg  repfesehtati’dh  of  the  name 'spelfi’ed  h’y  th’e  federate  afjd 

RTIversiori 

The  st'flh’g  r’’e‘pr’es‘erifal’r6’h  of  the  software  version  ’of  fhe’TRf'Tibrary. 

TirnelSienapiSifafe^ 

The  st’nhg  fe’pfesehtal’idh  of  the  tht’epT’cdrrepsohdmg  to  fhe  valiie 

FedefateLddKatiea 

Th’e  ’string  ’re’pfesehtatioh  of  a  double  that  Is  the  'value  of  the  feder 

TeaeraiteTirhe 

The  s’fhhg  fe’pfesehtatrdh  of  a  doubfe  ttiaf  is  fh‘e  value  of  the  federa 

TirheConstrame 

The  ’character  fepfesehfatibh  of  an  Tnfegei^  that  spclffes  whether  t 

TrmeFegulafmg 

The  character  fepfesehtation  of  an  Integer  that  specifies  whether  t 

:FIFOIencjiEfi' . 

The  sfnhg  ‘ri^’pfesehtatldh  of  ahmteprthaT  sp”c^^  the  hljrhBer  o 

[TSOFngtr""  '  “ 

The  ’sfrlhg  ‘re’pfeseht ati’dh  of  ah  integer  thaf  specifies  the  number  o 

DequeueFlFOasyn 

The  st'hhg  fepfesehtatldn  of  the’Bddlean  value  ihdlcating  whether 

TaBIOBjecfCount"' 

The  sfnhg  repfesehtatidn  of  ah  integer  that  spclfies  the  total  nu 

HoiaihgTo'RensObT 

The  st’hhg  fepfesehtatldn  dfahlntep'f  that  ‘speciffed  the  number 

DeleteacajecfCouri 

The  sfnng  fepfesehtatldn  of  an  intepf  that  specifies  the  hu'mbef  6 

HiumAitf'nButes 

The  sfhng  ‘fepfesehtatidh  drah  mteger  that  acts  ”as  ah  indicator  of 

H  umFaranfief  ers 

The  'sfhhg  'fepfesehtatTdh  of  ah  mfegeflRaf  acts  ‘as  ah  Indicator  of 

“  FeltferatTdnR^ 

The  string  riartie  of  the  federation. 

FederaftonSfate 

The  sfhng  fepfesehtatldn  of  the ’InfegraTvalue  of  the  RTl::Federati 

FederafesTriFederat 

The  sfhhg  fepfesehtation  of  the  integral  number  of  federates  joine 

SaveTsScHeduledf 

The  sffm'g  fepfesehtation  of  thehodleaii  value  indlcatihg  whether 

IScBedutedSaveTTm 

The  sffmg  ‘fepfesehtatidh  of  the  dduble-preclsrdh  fldati‘hp‘*poTnt  nu 
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ie  string  representation  of  the  version  numoer  or  me  teoeraiion  e 
I  Tfie ‘direHion  TLU’S'' orTOnW 
iThe’cli¥nge7n*seconds 

iVarue*6fchange7n‘e]ffecGv^ia‘n^ler  expr^sed’Tri“p^^^^^^ 

•tT}ie’aclFa[‘pU2*’of’tfie'*tissue^^  . 

I’Onglnationof’tKe'dislresssipr^^ 

l7^ua!'pCU2‘of^fi^  . . . . 

1*S’tringlndrcatTng'wWel[h‘er‘proBlem‘H 

*tf;^agnJt‘ude’’6fdecreaseln¥asui^^ 

“  magnltuBe'of  the'forceTolconlraHion  exp^  of  curr 

Mapitudeofthe'‘d’ecrease”measu7ed1irp&^^^ 

Trnagniffide  offorceorcorffiBcFoTTexpre^^ 

;Percentap"3ecreaseTn‘stro 
Pe  rcenifage  cfecreas 

j^fcenEgeTncfeaseln  " 

tpercentagelncrease'in'S’froKeV^ 

‘tmaghlffideba'sedasa  per^^ 

TMagnilfude  ofreTaxafionHiKi^^  ' 

^'pWagnl^ude  expressed'asTpSr^ 

[Maghllfude’ofconifractlon' 

Ti^gnitudeex’pressed’asTperce^ 

Tf^aghlude  expressed‘asa“^rcer^^  ~ 

T^erceniage  change 
irraghiTOeHased  as  a*^rcehS^ 

Tnaghitudfe’expre'ssedla^ariperce^^ 

^  niaghl!ude'expr¥ssed’asa"pe^ 

T^ercehWgeof  relaxation 
imirghitude’expressed’as*ar]^cen 
ipercehtageThcreaselh“^esehtTrea^^ 

TiulnberdfBe^aTsTmTnToTi^^ 

Wmber  oTBeats*permTrOT^ 
percentage  mcreasTeTnlTeSTrateTdeF^ 
inuiriBer  ofb‘eats“permTiTuWf61nCT^ 

TnLTmber’ofb'eats'per^rhrnute^^ 
PercehWge'decreaseTnaiWydl^efer'^ 

:]pefcehla‘ge‘‘cbnstrTctio‘n  reTalT^to'c^^^^ 

*^l^ift!arpressure’of'02’*vafijeT^ 

Ttf^vafue  bf't'h‘e’paH[arpressiire“dr02*^’lT^ 

Wgnitudeofmcfeasel^  ’ 

‘STfe*ofrep6Wdf‘b166d’pressuTelhc^^^^^  •  **"' 

rScation  oftHe  bTddd  pres^^^^ 

*Fniy^caT7datr6n  of 'tHeaveolanmlanf  sensor 
7^y&caridcatioh"6Tirntantsens6r~lsTrnF^ 

^PfiysTcaT'ldca'fion  df'th^^^  ’  ~~ 

‘ppRy^(^ndca¥dn‘6T‘tFieTiTitanrse^^ 
rA^WpiJ2‘of1ung¥ssue 


'CfiangeCycleTIn 

le  1 

Direction 

I 

CycleCfiarige 

CbhsfncfBrbnc'fii 

blesi 

Amburif 

TissDTsfressTrar 

is . 1 

p02TissGrp 

j 

j 

Cocafiofi 

pCO'2TissW 

DecfeaseRearfS 

? 

: 

FbRl 

: 

wfiicfiPrbb 

Arfibunf 

ThcreaseHeaffS’f 

HS¥bReVbTumet 

lRS‘{fo1<eV6Ium'el 

roRei 

lyecrj 

ficrTl 

: 

Amount 

Affibufif . 

Amburif 

CfieffiPHParasyi 

miri 

DecreaseTnSV* 

ans  [Decreaserh'RR*’ 

[ThcriaselriSV"" 

; 

"Affiburir'* 
AmoLThf 


Arfibuhf 


Amount 


Rela‘xTfansA““‘ . . . 


ReTaxTrahsB 


CohFactTransA 


’CohFacfTrahsH 


CdhtracfOiaphra^ 

CohtracffhTemalThterlAmou^ 


CohFa^t^xferhalThte  I  Amount 


CohFacfAbddmThafs  j  Amount 


ReTaioAbdbmiha 


RefaxThWhaTIntefcolATO 

ReraxExtemaT(nWcoiA“^^^^^ 


RelaxDTap’hragffi 


Amounf 


FarasyrnHeartRatel  :Amount 
ThcreaseHeahfRat‘e“‘’‘ 
DecfeaseReai¥Tafe  ’  A™ 
ParasymlhcreaseRa’ Amounf  “ 


ThcreaseRafe ' 


DecfeaseRate 


DffafeAiiery 


C'ohsfncfArfery 


Amburif 


^Ambufif 

lAmbunf”“ 


Ambuhf 


RefurnTbRbfmaTpO!2'pO’2VaIue 

UbwpaS* - pGSVafue 

ThcfeaseBP  Amounf 

Tbcafibn’* . . 

DecreaseBF" .  ArfibuTif 

TbcafibiT 

AveblaTIrrifanfSehse'  rbraffbn***"** 
BrbnchlbleTrntanfSenrbcafr^^ 
Uafynxlrf  ilShTSensed  rb^ 
TrachealmtahfBens“’'r6cafr^^ 
TTssDisfreisTi - IpOYbfTissGfp 


Definition 
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Term 

Definition 

ipG02otriss(irp 

Actual  pG02  OT  tissue  group 

wFircbProbTern'’ 

String  specTfirig  if  ffie  fissue  dfstress  is  due  to  low  po2  or  hgh  pct>2  or 

TissDistressg 

pD2orrrssGri5 - 

Actual  'p02  of  esopHegeal  tissue 

wbTcTiProbTem - 1 

String  indicatTng  wfiTcb  is  tbe  prbbTerfi,  Fiigfi  ’CD2,  tow  02,  dr  both 

pCO^ofTTssGrp'* 

Actual  pCO'2  67  the  esophegeal  tfssue  group 

TgsDTsfressf - - 

pOSofTissGrp 

ActuarpO'2  ofTfie  Ridney  tissue 

•pCrO'2ofnssGrp - 

AcTual  pC02  6T  the  RTdhey  tissue 

wfircbProblem  ' 

String  Indicating  Iftow  oxygen,  fiigfi  cafbohd'dloxde,  6r  both  are  the  pro 

TissDTsfresse 

p02‘6rrissGfp 

Actual  ■p02  of  the  abdomifiaf  viscera  tissue  group. 

•pCaSofTissGfp  •"  " 

Actual  pC02  of  abdommal  vfscera  tissue  gfoiJp 

wfiTcTiPfoBrem - 

S‘tf ihg  Thdi’caf ihglfpfobTem  is  tow  02,  high  002,  of  both 

TfesDTsffessd’ - 

pasorrrssGrp - 

Actual  p02  of  the  tissue  group  that  Ts  sefvecT  by  the  internal  illlac  arten/ 

'pC‘02dfnssGrp 

Actual  pC02  of  the  tissue  group  that  Is  served  by  the  infernal  iftiac  arter 

wbTcbPrdbrem**  *■“ 

■String  Ihdi'catThg  pfobleffi  to  be  low  02,  high  002,  of  both 

TissDTsllressc 

p02ofiissGrp 

AcfuaT  p02  of  the  lower  limb  tissue  group 

pCrO'2ofTiss(3rr  ' 

Actual  pC02  of  the  Idwe’f  limb  tissue 

wfiTcTiProblem - 

Sting  Tridlcafihglf  pfobTefri  Is  high  002,  low  02,  of  both 

TIssDTsfr^sb 

pOSofTissGrp 

The  actual  partial  pfessufe  of  b}^geh  In  the  head,  neck,  spine  tissue  gr 

pCO'2ofrissGrp - 

Actual  pC02  of  head, heck,  and  spTh-e  tissue 

wblcfiProbfem 

■String  lfrdii5atThg  If  pfbbTem  Is  tow  02,  high  002,  of  both 

■nssDTsfressa 

•p025rrissGrp" 

Actual  ■p‘02  of  the  'upper  limb  tissue  group 

wftTcbProbiern 

String  Ihdi'callhg  If  pfbbTem  is  high  002',  Tow  02,  of  both 

pCO'2ofnssGTp - 

■Actual  pC02  of  the  upper  llrifib  tissue  group 

TracActTS" - 

TurriOn - 

The  ffachea  Iffifeht  sebsbf  Is  activate;  it  can  now  do  Ife'  activity 

Levelbfirfitant 

The  level  of  tbe  imtaflh'g  paftlculafes;  high,  medium,  of  low 

laryAcFS" - - 

TiirnOn' 

The  Iffltahfsensbf  in  the  larynx  is  activated  by  the  presence  of  aprticuTa 

CevelbTrmfanT 

TFTe  level  of  the  pafticulafe  Tfri^hS;  high,  medium,  or  low 

'BronAcfl'S 

TiirnOn 

The  bronchia  Iffitaht  sehs'bf Is  activated 

LeveroWfriifanr  ' 

CeveT  oTthe  paftlculafe  iffitaht;  high,  fhedTum,  of  low 

AveTAcWS - 

TufriOri 

The  sensor  s®e  is  how  activated. 

revelbfffrTfanf 

The  level  of Tfhtahfhittihg  the  sensor;  high,mediLifh  ,  of  tow 

Federafe - 

FrbmFederate 

The  stfihg  fep'resehtatioh  of flHhlf rfafm’g  fedef handle; 

ATert* . 

'ATeHSeventy  “ 

The  sfflhg  fepfesentafrbh  'otthe  integral  vuafe  6rtHe  LogType  enu 

ATeriText - 

Thie  sfflhg  ■re’pfesehtatioh  of  the  feasofi  dffhe  alert. 

AleftlC"" . 

The  string  fepfesehtafi'on  of  the  seflal  numfbef  for  ah  exception. 

ServIceCdg 

SefvTceflarrie 

The  stfihg  ffi’effidd  name  of  the  s'efvice  calTgen’eratihg  the  interacti 

S'etvIcelniiFaior 

Tbe  sfflhg  fepresehfatioh  the  imtiafof  of  the  s^^^  call  (FED  f6"f  Tt 

S'ei^iceLbgArgui^^^^ 

■FTanaiei - 

Meahlh'g  Is  'depe'ndehf  oh  service  Invoked,  pafafhefef  tis  fepfeseht 

nts 

Hancira" - - 

Weaning  Is  dependent  oh  ’sefvTce  Invoked.  Parameter  Is  represent 

flandfeSeif 

Weaning  Is  dependent  oh  sefvTce  IhvbkedTPafam^^  is  represent 

OBjectlDdrCdunl 

Me'ahihgTs  dependent  bh  service  Invoked.  Parameter  is  represent 

TagOrOBeTOrT^arn 

Weaning  Is  depehd'eni  oh  sefvl'ce  Invoked.  Pafamefef  Is  fepfesent 

Time - 

The  stflh’g  fepfesehtafidh  of  tfiefime  provided  to  the  service  ihvok 

Hnumeratlon 

Weaning  Is  'depeh'dehi  bh  service  Invoked.  Parameter  is  represent 

Boofean 

Weaning  Is  de'peh'd'eht  dh  ’service  ihvbkedT  Parameter  is  represent 

OBjectlnfbrmafTon**’ 

DBjecflU' 

The  si'nh^fepfeberifaiTbh'd^  Objectld  that  this  interaction  id  re 

U6ck¥dAt'fnBufes”" 

The  sfflhg  repfesehtafibh  of  the  attributes  that  are  6wned“by  a  fed 
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Class/Interaction 

Term 

Definition 

RegisteredClass 

The  string  representation  otthe  class  that  was  registered  by  the  re 

Rep'resenfecfCTa 

Tbe  sfrTng7epresenfat'ib^  of  tfie  class  ffiat  was  discovered  by  the  f 

Pub'lfsRmgClaW""" 

OBIeciClass - 

TriteractronCTass 

The  string  representation  of  the  interaction  class  handle.  The  for  | 

rS'iLib'scril)l ngCTass  |  ObJectC lass 

InteractTbn‘CIa^“” 

Action 

ToFederafe 

SemmTng - - - 

PedFeportPerrod* 

The  string  representation  of  the  integer  that  is  the  number  of  seco 

iTrmeRepoHPeribH 

TKe  sfrmg  repfesehtatidh  of  the  mfeger  that  is  the  number  of  seco 

RequestObjectrnfon  OBjectllD 

WoHil^MnButelSTai 

OBjecftO' - 

e 

’AHrrbuiteTD - 

ToR’enState 

ResigriActron 

DoDeleteObXecf 

OBJecilD- — • 

^Time . . . * 

The  string  representation  of  the  federation  to  use  as  an  argument  t| 

Tag - 

CIbSetLbbKabeaa 

Lobkabead 

1 

a 

1 

i 

Si 

3 

I 

1 

1 

DbSetTfmetTdnsTrai 

Sfafe" - 

Cbnfrol - 

SetLbgFil'e 

’DileteOBjecf - 

|The  sfrmg  representation  of  delete  object.  | 

■DequeueFlFO - 

t 
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Topic  Number  OSD97-005 


Appendix  B 


Object  Class  Structure  Table 


Class! 

Class2 

airMixture  (PS) 

i 

s'moReG’asWix’fure 

TocaTPafraeCTusWCIoud - - 

T6caTChemT^Wai^7C16u(ff 

gas 

‘■a2~  . 

- - 

- 

voratileClfietTirralVaporClSuS  ( 

•paffic1eCrusTeTCr6u"d"(F^^^ - 

MedicalDnjgs 

MetTiacTibline 

Albuterol 

Manager 

Fedefafe 

Federation 
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Object  Interaction  Table 


bject/Area 

Interaction 

Parameters 

Init/  Sense/  React 

Affected  Attributes 

None 

Dosage 
TargetSystem 
Imm^racyofEfTecf 
PoOveTofrnjury 
laeiiWProfile"  """" 

IR 

Morie 

Imme^acyofOTecf^ 

PotreveTofThjury 

TargefSystem 

TdentityPrbfrfe 

Dosage 

TR 

Mofie 

Duration 

perCaS"" 

perO-2- - 

perCO 

Identi^rProfile 

PotireveTbfTnjuty 

perOtherin^ 

TargetSyslem 

ImmeSiacyoOect 

IR 

None 

Duration 

Cbncehlfatibn 

[TargetSystem 

iPollTeveToWryury 

[TderilTtyProlire 

TR 

None 

Amburit 

Duratibh 

TmmeSial^oOe'cr'*] 

PolUeveTofTniury 

TargefSysfem 

’TR""”  ■ 

None — 

STzeO'Parlides 

Duration 

TmmeSia^ofEffect 
PoOveTofFnjury 
TderitTtyPfofil^ 
TargefSysTem  “ 

;iR"”  "■  ■  - . . 

None 

ATeHSeveri^^ 

'AlerlTexT 

AlertlO 

jlR“ 

None 

“OBJectID 

DocKecfAtfnbuies 

NeglsfeifedClass 

NepresenteicfClasir 

TR  " 

None 

■OBJectCBsi  ^ 

jlR 
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Interaction  Structure 

Initiating  Object 

Receiving 

Class 

Affected  Attributes 

Class 

'S'uBscrrbmgCTass 

Federate 

None 

Federafe 

Manager.Federafe. 

ServiceLog 

'SeivTceUogArgume 

nts 

Federate 

None 

Federafe 

ManagenFederate. 

Action 

Requesl-PuBllcifio" 

Federafe 

None 

Federafe 

'RequesfSuBscnpti 

Federate 

None 

Federafe 

SetTirning 

Federate 

None 

Federate 

’RequeslEDEiiHTnfor 

Federafe 

None 

Federafe 

•ffloEii^AftrrBOfeStat 

e 

Federafe 

None 

Federate 

•Control - 

Federate 

None 

Federate 

MariagerTecl'elrate. 

Actlon.RemoteServ 

iceinvocation 

■DoReslgnlFe3erallo 

Federafe 

None 

F^efate 

DoDilefeOHfecf”"' 

Federafe  ‘ 

None 

Federafe 

DoSe'CoolcaHeacf""’ 

Federate 

None 

Federafe 

DoSetTimeC^n^^^^ 

Federate - 

None 

Federate 

DoTurnRegulaHon 

Federate 

None 

Federafe 

DoTurnRegUratron^ 

Federate - 

None 

Federafe 
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Object  Interaction  Table 


bject/Area 

Interaction 

Parameters 

init/  Sense/  React 

Affected  Attributes 

InteractionClass 

l^’one 

OBjecfClass - 

TriferactionCTass 

IR 

None 

Haridlef 

IR 

'Hari“dre2' 

NaridreSiS 

OiSjecilD'orCouni 

TagOrlaBeTOffram" 

Tlfrie 

HriumeratTon 

Bboleari 

None 

None 

IR 

None 

Nbrie 

TfR 

None 

FecfRepbrfFerioicf 

TimeReportPeribd"’ 

O'bjecWepbidP'erib” 

IR 

Nbrie 

DBjectItr 

IR  ■ 

None 

oi^ciitr” - - 

TR 

AffributeTD 

TbRefiBfaTe 

None 

SSServTceCbggmg 

IR 

SeTCogTile 
DelefeOBjecf - 

DequeueFlFO 

Nbrie 

R'^igh'Aciron 

‘IR  ■■■ 

None 

OipcflD - ”"1 

IR 

Time 

None 

LobkaFi'ead 

'll? 

None 

State 

TR"" 

None 

Nbrie 

\R 

None 

Nbrie  “ 

IR 
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Object/Interaction 

Attribute/Parameter 

Datatype 

airMixture 

float 

perN2' 

float 

perCO’2  I 

float 

alfifucfe 

float 

PolIeveTofTnjuiy 

’GehencTrijuryleveirnfo 

TnfimediacydflEffecf 

mmmsmwm 

TargerSyslem 

string 

IderitityProfiie 

LdcafionXT* 

XYCobrData 

smdfceGasMMure 

perc02 

float 

pert32 

float 

perCO 

float 

pefOthefFnert 

float 

rdenWProfire" . 

Tdenti^PfofiFeData 

Tafget'System 

string 

F6tUeveTdfTh]uTy 

GenencInjuryLeveirnfo 

TmmedracyofFffecF 

TmmecliacyofEffectData 

T5(3FailcfeCliJs^^^^^^ 

SlzeofPaiflcIes 

float 

InfimecliacyofEfrect 

Fotlldy/eToWhjurv 

GenericinjuryLeveiinto 

rnaehWProfJe" - - 

IdentT^PrdfiFeData 

TdrgefSysfeiih 

string 

lo(SffCFeiTircalVa?6rClb¥d™^ 

Cdncehfi’afidn 

float 

TcfentT^Prdfile 

IdentltyProfildData 

TmmecliacyofEffe'ct 

TargetSysfem 

string 

F6lLeveT6fTn]ury 

GehefrcTrijui^r’ew 

gas 

Tmrnedia(^ofEFre'cF 

PolteveTofTnjufy 

GenericInjuryLevellnfo 

liietifftyProiRli - - - ) 

TdentItyPfdfiFeData 

TargetSysfem 

string 

voFafireCTiemicalVap^^^  ; 

d 

LdcafionXT* 

XYCoorDaS 

CFoudDTamefer 

float 

Cdriceritrafidn 

float 

‘Aftitucfe' 

float 

LocaFfonCL 

LocatlohrLData 

jPotLeveloflnjury 

TargetSysfem 

[string 

TdentltyPfbfile 

i  Identify  ProfileData 

[Speeci 

jfloat 

1  DTrecfionoTMolTdn 

iXYCddrData 

|AmtD2 

{float 

Cn2 -  IAi7rtC02:  jfloat 

‘CU - - - lArfrlCD- - - - jfloaf - 

parficTedruslefCToud  lUdcaffonXY  IXyCoorData 


\ 
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MetTiacFioMe"' 


mmeroT 


Federate” 


[Federatrdn'** 


Adi^nMefFia* 


Attribute/Parameter 

Datatype 

Cardinality 

LocationLL 

LocationLLDala 

1 

FarticreSfzeGroups 

FartTcTeSTzeGrdupQst 

1 

'Altitude 

float 

1 . 

•TcfehWProWe - 

TderitltyProfileDafa 

1 . 

'TafgetSysfern 

string 

1 . 

FolIeveTdfThjury 

GenencInjuryLeveltnfo 

1+ 

"TmmediacydfFffect 

fmmedia’cydfEfTectDafa 

1 . 

Speed 

float 

1 

DFrectldndfMdtidn 

XYCddrDafa 

T 

Dosage 

dduBTe 

1 

FotUeveToTTnjury 

Genencfnjuiyllevelfnfd 

;i+ . 

TmrnediacydfEffecf 

TmmediacydfFffectDat^^ 

ii 

TargetSystem 

string 

ii 

■laerifif/PTOfile - 

TdenlltyProfileD’afa 

|i-" ; 

Dosage 

float 

li 

FotlleveTofTPijury 

Genenclnj'uiyreveirnfo 

[Tr****" 

TdentTfyPfdTile 

TdentItyPrdfileData 

1 

Target'Syslem 

string 

|l 

’TrrimedlacyofEffecl’ 

ImrnediacyofFfreclData 

[1 

FederateHanaie - * — 

FederateSBif^ 

Fedei^eTTaifne 

FTIversTon - 

TirneManagerS’faife 

Federat^dl^ad - - 

FederateTTme  . . 

Ti'meConsTrarned 

TirneKeg^ulatmg 

FIFOTengtlT 

TStyiengtfi - 

DequeuOTFOasy 

Tdt'arO'bject'Cdunt* 

HdiarngWensObjec^^^^^^^^ 

DeTetedOUi^^  - 

NumAttnbu'tes 

NumF'aranTeters 

FederalTdnKla^fne 

FederatidnSTaTe 

FedefatesFnFederati'dh 

SaveTsScKed  uTed  “ 

ScfieduFedSaveTTm^^ 

RTIv^idn* - 

Dosage 

Targetl^ystem 

TmmediacydfFffect 
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Attribute/Parameter  Definitions 


Object/Interaction 

Attribute/Parameter 

PotLevelotlnjury  ^ 

TcferitTfyPfbfiie 

ASmm’ATbut 

TmmeSiacydfEFfecl’ 

PotlleveTdfThjury 

i 

Taf^gefSysfem 

TdentTtyProfile 

’Dosage 

S'moReSTreamStrfn 

Dufalldh 

perC‘02 

■perO’2 - - - 

p-fco" . .  t 

Identity  Profile 

[PdtleveTdflhJury 

I  pefOflierrnerf 

TafgetSysfern 

ImmediacyofEffecf 

W^rCloLiaStirri 

Duration 

Coriceiitratfon 

ImmediacyofErfect 

Targetl^ysfem 

FdOveToflnjury 

TaeriB^roTile - 

MbnoxideS'tTm 

Amount 

D'uratidh 

TmmediacybfEffe'c^^ 

IdentityProfile 

PolIeveToflnjury 

TargetSyslern 

PaTffcreClouaStrrfi - i 

SizeDfParficles 

DuralTdh 

ImmediacyofEffecf 

FdtUeveloTInjufy 

IdentityProfile 

TafgetSystem 

Alerf  . 

AlertSeventy 

AlertText  - 

AIertlD“"  . . 

ServTceCogArguments 

Fandlei 

'Haridlei 

•PanareSef - -  — 

OTijecflDorCounr - 

TagOHIiBilOlffilafrie'  | 

Time 

Enumeration 

Boolean 

OBjectlriifbrniafibn 

OdjectlD 

Datatype 
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Units 

Resolution 

Accuracy 

Accuracy  Condition 

WK — - 

N/A 

N/A 

- 

N/A 

N/A 

N/A 

M7A" - -  ’ 

N/A . 

N/A 

N/A 

WA . 

- - - 

N/A 

N/A 

- - 

N/A . . . . 

perfect 

afways 

N7A“ - - 

- - 

N/A 

N/A 

gm/ml 

nearest  Fnt^er 

■perfect 

'always 

sec 

leritfis 

perfect 

'atways 

percentage 

lentTis . . . 

perfect 

always 

percentage 

tenths 

peffecf 

always 

pefcefitage 

tenths  ”* 

perfect 

'af'^ys 

N/A‘ . 

N7A' 

N/A 

N/A 

- 

N/A*""’  . 

N/A 

N/A 

percentage 

tenths 

■perfect 

aFways 

—  - 

-  ..  - - 

'perfect 

'afivays 

N/A . 

N/A . . .  . 

N/A 

N/A 

perceri^ge 

nearest  integer 

'perfect 

afways 

mg7m^'3' 

tenths 

perfecf 

always 

- - — 

WK~~~  . . 

’fl7A  “ 

N/A 

WK - - 

N7A — 

perfecf 

always 

- — - - 

N7A""“  - - 

’N7A'" 

N7A"“ . 

-  - 

'WK 

■N7A  " 

N/A 

pefceniage 

tenths 

perfecf 

''afways 

sec 

tenths 

'peffecr 

always 

- - - - 

N/A .  , 

N/A 

N/A  ^ 

- ^ 

N/A 

■N7A"“  ■  ■ 

N/A 

- - - - 

- 

’N7A'  ■  ■  ■ 

N/A 

- - 

’N/A . . . 

peitect 

always 

rnicrons 

h'eafest  fhteger  j 

peffecf 

'afways 

sec 

nearest  Fhteger 

■perfect 

always 

. 

WK - - 

N/A  i 

- - - - 

'WK . . . — . . 

•jfq/X' - 

N/A 

- 

-  - - 

N/A 

N/A 

N7A - - - 

-  .. 

■perfect 

■afways 

■perfect* 

'always 

■perfect 

'always 

[perfect 

'aTwa'ys 

^  j 

perfecf 

■always*  ' 

■perfecf 

'always 

*  : 

1 'perfect 

always 

1 

perfect 

always  " 

i  perfect 

always 

I'perFeci 

'always 

i  perfect 

always 

ipeflfecl 

always 

i  perfect 

'always 
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Attribute/Parameter  Definitions 


Object/Interaction 

Attribute/Parameter 

Datatype 

Cardinality 

LocKedAttriDutes 

string 

1 

PeglsferedClass 

string 

1- . 

Pepresente’dClass 

string 

T""" 

PuBlTsh’mgCIass 

OBjecfClass 

string 

1 

IriferacironCIass - 

string 

"1 . ■ 

S'uBscribingClass 

‘OBjecfCrass - 

string 

1 

InferactlonClass 

string 

1 . 

SetTimTng 

FedReportPeriod 

string 

1 

TimeRepdrl’Period 

string 

1 . 

mjecflCepoTftPendcl" - 

string 

1 . ; . 

‘OBjecHD" - - 

string 

i 

ModfifyAtffiBufeSTafe - 

OBjectlD" - 

string 

1 

lAttnbutelD 

string 

[ToRenSlare""" - 

string 

i . 

string 

‘1 . 

DoDelefeOBjecf - 

OBjecflD  - 

string 

i . 

’Time 

string 

1 

Tag-" 

string 

1 

OoSeifUookaBead 

EdolcaTiead 

string 

1 

DoSefTTmeConstralned 

:  Slate 

string 

1 

Control 

string 

:i . 

string 

1 

[OafeteOBJect - 

string 

"1 . 

iDequeueFlFO 

string 

1 

04/29/98  12:40:30 


10/12 


Attribute/Parameter  Definitions 


Units 

Resolution 

Accuracy 

Accuracy  Condition 

perfecf 

always 

perfect 

always 

perfect 

'always 

pert'ect 

'always 

peTrifect 

'always 

■p^effect 

always 

perfect 

'always 

perfecf 

'always 

pert'ecf 

always 

, 

perfecf 

'always 

perfecf 

always 

■perfect 

always 

'perfect 

always 

perfecf 

always 

perfecf 

always 

perfecf 

always 

perfect 

always 

perfecf 

always 

perfect 

always 

- 

perfecf 

’always 

perfect 

always 

■perfect 

always 

perfecf 

always 

■perfect 

always 

. . — 7"^ 
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Update  Type 

Update  Condition 

T  ransferable/Acceptable 

Updateable/Reflectable 

TOS - - 

N/A 

N/A 

wjsr . . . . . — . 

N/A . . 

— - - 

N/A"" . . """ 

N/A  . 

^N/A . . 

N/A 

N/A 

Kl/A - - - - 

N/A 

N/A 

WK . . . . 

- - 

N/A"  ""  ' 

N/A 

WA . . . . . 

N/A . ; - 

N/A 

N/A .  . 

N/A 

N/A  " 

N/A - - - 

N/A - - -  - 

N/A 

N/A - - - 

N/A 

N7A 

N/A 

N/A . . . . . . . 

N/A 

N/A 

.. 

N/A - - - - - 

N/A - - - 

-  - - 

N/A - - - - - i 

- 

N/A 

N/A 

- , 

N/A**”” . . 

N/A - - - 

N/A 

- - 

N/A - - - - 

N/A 

N/A 

- 1 

N/A .  ' 

N/A 

N/A . 

N/A 

N/A . . . . . i 

N/A . 

N/A - - - - 

N/A 

N/A 

N/A 

N/A - - 

N/A"**”** . “*””.  **”“* 

^ 

N/A 

N/A*”*** - - - - 

N/A""" . . .  "" 

N/A . .  .  i 

- 

- 

N/A 

- 

N/A . . 1 

N/A . . . 

N/A  ■  " 

- - 

- 1 

N/A" 

N/A - - - 

- - 

-  . 

- - - 

- 5 

- -  . 

N/A . . . 

t 
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Complex 

Datatype 

Field 

Name 

Datatype 

Cardinality 

Units 

Resolution 

Accuracy 

Accuracy 

Condition 

ParticleSiz 

SmallSize 

boolean 

1 

N/A 

Wa 

perfect 

always 

eGroupList 

MecfiumSTz 

’boolean'"”" 

N/A 

N/A 

perfect' 

'aTways 

largeSize* 

boolean 

"1 - 

WA - - 

N’/A 

perfect’ 

’always 

tbcatioriCr 

latitude" . 

L’afllongCo 

1 

N/A’ 

wa:~ 

N‘/A 

WA 

Data 

longitijcle** 

lattdngCo' 

T . 

WA'”“"""""‘ 

'W/A""' 

’WA 

USLongCo 

degrees 

’d'b’ubfe 

1 

N/A 

jffjs;;  • 

perfect 

always 

ordFormat 

"minutes 

■(fouBre - 

■R»r - - 

TOA" 

perfect’ 

always 

XYCoorDat 

X - 

■float - 

1 

K’ni 

h''undre'dtTis 

p’e’ifect 

always 

a 

Y - 

•fioar - 1 

K 

km  i  hundredths 

perfect’ 

afwa’ys 

TdentT^Pfb^ 

BronaToDir 

Boolean 

T'" . 

WK  \fiIK 

'peffecf 

alw'ays 

lleData 

Brorictiioco 

■boolean  i 

T" - - 

N7A 

N/A 

'perfect’ 

always 

Aveloirnfla" 

boolean 

'N/A - 

'WK" 

perfect’ 

'always 

ModifyAifP' 

‘booI^rT  : 

: 

perfect' 

always 

KJodifyArnb" 

bobleaiT"""" 

T - 

■peffect’ 

'arways 

ModifyArnB- 

’bbblearT 

■ 

perfect’  i 

’aTways 

BindflERr"" 

’boolean 

^  . 

I'R/'A 

[fl7A 

■perfect  i 

'aTways 

Genenclnju 

'Level 

"any 

i 

; 

perfect 

always 

ryLevelInfo 

PofefitiaTnj" 

InjuryHevel 

|N7A - - 

[N/A 

m  I 

:N/A 
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Component  Structure  Table 


Class 

Component 

smokeC3asMixture 

TO - 

■C02  . 

- - 
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Term 

Definition  1 

airMixture 

smoReGasMTxfiJre 

rocaTPaftlcfeCTustefCroul^ 

A  smail  cloud  of  particles  nearby  the  body;  involved  in  interactions;  used  in  local  reprej 

TocafCfiemrcalVaporClou3’“^ 

A  small  cHenfiicaF  vapor  cloud  ffiaf  Ts  nearby  the  body,  and  is  used  iri  ihleractibns;  local] 

gas 

voraflleCfi’efnTcalVapor^^ 

02 

oxygen  in  tne  stimulus 

- - 

carbon  dToxlde  ~  In  the  sti'm^^ 

^ - 

pafflcfeCluslerCroud 

WIecficalDrugs 

'StTmulT  which  are  drugs  given  in  a  medical  context 

MelTiaclFionne - 

A  medrcal  dmg  which  cdhstncfs  the  bronchial  pasages 

AIButeroT 

Manager 

Federaie - 

FeSeifaHofi 

I 


04/29/98  12:58:20 


1/1 


Object  Interaction  Definitions 


Term 

Definition 

AdminMetha 

Administer  the  medical  drug  methacholine 

AcfmmATbut 

Ad’mTnistef  tlfie ‘drug  albuTerdl 

S’molReSlfeamStTm 

A  smoke  stream  ffial  is  blown  nglit  onto  the  body;  the  stimuli  exists  right  heat  the  body 

VajDorCloud'S'lirn . 

A  toxic  vapor  cloud  is“the  stimuli;  exists  right  hear  the  Body 

MohoxiaeStrfn 

The  stimuli  ofcarBoh  ■mdhdxid’e  in  gaseous  form  is  immanent 

ParieeCTouaSfrfn - 

In  the  particle  cTdiid  stTitiuTf,  ash  particies  are  the  stimuli 

Manager 

The  Ma’hagenhtefacfioh  group  contains  all  Management  Object  Model  mferactio 

Federafe 

The  Mahapr::Federafe  mt¥ra^^^^  group  contains  all  MOM  Interactions  assocla 

Alert - - - 

The  Manager:: Federate: :AIe^  TnferaclTdh  atlows  the  RTlTd  Ihfoirn  ’tlfTie*fedefation 

SemceLog 

The  Manager:  :Federafe::'S*eh/iceU6gM^^^  allows  detailed  iracing  of  RTIarh 

S’erviceCogArgument's 

The  Manager:  :Federafe::ServiceLbg::ServiceLdgArguments  interaction  allows  d 

The  Manager: :F'ederate::0‘Bjectlnf6nnat^^  IhTeractlbn  is  sent  By  the  RTl  In  fesp 

FublishmgCTass . 

The  Manager:: Federate: :PublishmgClas^^^  interaction  is  sent  by  the  RTI  in  respon 

SuBscrlHmgCTass 

TheMahager:;Federate::BubscflBe^^  Interaction  is  sent  by  the  RTITh  fespoh 

AcTTon 

TheMahager::Federafe::Actidh  Thteracdoh  Is  used  to  preform  ah  action  bh  a  re 

TheMahagef::Federafe::RequestFubilcationTree  is  used  to  request  that  the  RTl 

FequesifSuBscrTpt^^^ 

The'Mahager::Federafe::RequestSubscriptlbnTree  interaction  Is  used  to  feques 

SetTimlng 

The  Manager:: Federate: :'S’etTimlngThfefacf  allows  modlfiiratloh  of  a  federafe 

The  Wlana^ger::Fed[^{e::A<aioh::RequestObjectlhf6rniation  interaction  causes  t 

The  Manager:: Federate:: Action: :M6difyAttrlbuteState  interaction  allows  federat 

1 

TheMahagef::FedeMe::Actldh::Rerh‘6teServicelnvocation  interactibh  group  cb 

The  Manager;:F'ederate::Actldh::Remdt‘eServiceThWcatlon::DoRes^^^ 

D’oOeiefeDbjeci 

TheMa7iagef::F'ederate::ActI6h::RembteServicelnvocation::DbDelete  interaciio 

DbS'efL’oolcaTiead 

The  Mahager::F’ederate::Actidh::Rembt'e8eivlcelhvbcation::Db  in 

DoSetTirneConstrainel^ 

|TheMahager::F'ederafe::Actldh::R‘emdt’eServicelnvocatlon::DoSetrbbRahead  In 

TheManager::Federafe::Actldh::R*embteServicelnvocation::D6TLifhRegulatibh(5) 

DoTurnRegulaironOff 

[The  Mahag¥f::Federate::Actlbn::R‘emdteS»ervlcelnvocation::DoTurhRegulalTonCr 

Control 

The  Manager:: Federate: :Actidn::Cdhirol  Interactibh  is  used  to  set  service  tbggin 
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Class/Interaction 


airMixture  iper 

ip^N2* . . 

[perCD^ . . 

[aVfituSe . 

iPotUeveTofrhjury’ 

|rmmeaiacy6fHffecf“ 

[TargetSysfem 

[Icfenii^Profile . . 

jr6ca!(onX7  . 

smolceGasl^^rxW 

pefO‘2*  . 

pefC'O’** . . . 

perOffierlneH* 

TdehWProfire - 

TargetSysfem 
P6lUeveT6Wnjury““''’ 
Imme^iacyofEffecf^ 
rocaFMcTeriusterC-^^^^^^^ 
loud  TmmediacyofEifecr 

■PotUeveTofThjuiy 
TnHehWP’rofire  — 
TargetSysfem 
rocaTCKefifircalVapoT ‘Coh^^ 

Cloud  raentltyProfiFe"’"" 

TmmediacyofEffecf’ 

TafptSysfem*' 

‘PoireveTofFhjuiy 

gas .  iTmm^TacyoifEffecf* 

PotreveTofTnjury 

’TdenlityProfile 

TafptSysfem 

volafireCTPiemicalVa^ 
orCloud  *CroudDiamefer 

iConcenffatFon 

iAIFitude"** - - 

iUdcal’iohir 


Definition 


ercent  of  oxygen  in  the  environmental  air 
‘tPercenf  oTViitrogenln'fhe'envifdnm 
‘tPefcenfofcafSon*^f6xiae]n 
‘ITli’e'heipT'aBovesealeveF’ 

'VRow’Tdhg’Befdrdfhe  stTmuT(*‘f^^ 

..  stFmuir 

"  Tfie  slpaTuTe“6Tffie  s’tTffiulTwFfhTep'fd'H’ifs'eTec 

"  PefcneWpdTcafHn  aioMe  Fn't^^^^ 

"  Percenfage“df  oxygen ‘maKFng 'up  Ifi’epsesTn 
'* 'Pefcen]&'p’’’df ‘ca’fb’‘dn 'monoMe  maRiri^^ 

’  Fefceffi’p'drdfRerlnert''p's'es ‘foTm^^^ 

’'’jS'trmulFsTgnat’ufe'v^^^ 

“':PHysF6F6g(ci^'system’'afFe^^ 

Tfi'e 'polenfiaTTeveFdf  Tnj^^  —  pnefFc  —  can  TnvoTve  muTbfSfe 

■"  ■How'fasY’actFnps’fh'e’s®^ 

‘‘"‘O'nly  dnep‘‘rtFcFes‘ize‘Ts‘rpfesentidTn‘’tHls 
••  •|q[ow‘fast**acting'*is‘’fRe 
’*“Pof'e‘nl]al'‘d^red‘'6rharrn’*due*‘fo'l|Te7eceTpdnfiesfi^^ 

*”  Tfie  pfiysiofogicar  sysfeifi'^u  stTmulTTias  an  effect 

“'*StfenprorfRe7fiernTraFv^  “****’■ 

“*  The'‘cHaractenstics'df ‘fFTe^^^^ 

~TF6w'qiJiSRFy‘*tfi'esti™ 

~'Tde'py«T6r6giraFsysteiTi''up6n’^icHYHd 
**VPdf‘ent[sn“degfee’*bTh¥fnfwbicFtfie'stFm^^ 

■’‘IP’6w“picR17^^i^^uTI‘Tiias  am 
"’Th“e'pfenfiaFd'epee‘’6fHdrm  wtiIch“the‘‘sfimuFi'ca‘u^ 
'‘'•Tfi'e’’cbaractenstrc5 

■■VTfi’e’'p’ysT6T6gicaFsystem‘'up'’n  wfiTcH’tfie 
■'*  PfiysT(aF'Fdca‘ti6n'6f'tRe'ch’emTcarva‘p7'‘ci5’udp’enln’‘x^ 
“‘Dlsia’nce'acfosslli'e  rdupl^spe^^ 
’‘*|l'eveTbrcKemTcarvapr‘cl6‘u3‘‘p7cu5i‘^ 
''YReTpfaBbv'e'sea'Feverof’lb'ecentef’o^ 
’''’|Th''e'localTon'bf’tReT6xlc'va’pdf’cF6udgFv^^^^ 


iFmmedia’cyo'fEffect' 

Fow  'plcRFy  the  stFffiulT  has  ah  effect 

•PbtleveFofFhjufy 

The  potential  d'egree  of liafm 'which  the  st^^ 

pdh  the  recipient  6 

Tarp'tSysfem 

The  physTdrogica!  system  which’  is  the  target  of  the  s 

fi’muli  activTfy 

;iaentrfyPr6ffle - 

C'h'ara’ctefistTcs  dfffie  sti.iili 

[’Sped 

DFfectidndfMotidn 

The  maghTtiid'e'df’lhe  velocity  with  whFch  the  slirfi’ulT 
Th'e  vector  fepfes’ehtatFoh  of  the  dFfecfidh  Th  whFch  tt 

I's  moving;  used  In  g 
i’e  stFmulF  is  moving 

- "Amro'S - 1 

Amount  of  oxyph  ih  the  stimulus;  ’measured  a’s  'a  'p( 

sfcentage  of  a  stand 

- TA'niroas - 

Ani'ouhl  6T  carbon  dFdxide  in  the  stfmulus;  measured 

as  a  percenSgeof 

^ - jArfifCro -  1 

'paffTcleCTuslefCldud  LdcatFonXY 
jlldcafidfillL 

Amduht  of  ca'fhdh  'fhdhoxide  ih  the  stimuFus;  measui 
Lbcatidh  of  th'e  ceht'ef  oTthepfticle  cloud  in  x ,  cddi 
lldcatFoh  of  the  center  dfthe  pfticfe  cloud  In  fatitTudi 

ed  as  a  percentage 
rdihates 

B  and  longitude 
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Class/Interaction 

Term 

Definition 

PartlcleSizeGroups 

The  particle  size  groups  found  in  the  particle  doud 

Altitude 

TFie"ITeipTaI>ow"sea  ievia"6nfie  rougfily  sphencal  particle  ctoud 

TcfenlTtyProfile 

ttie  cfiiaracfenstTcs  of  the  stimuli 

TargetSysfem 

The  physToldgica  which  is  the  recipient  ot  the  sti.uii's  effects 

F6treveTdfTh]ui7 

PoTenlial"degree  offfarm  ifiat'We  sbmull  Ras  uponThe  recipienTBody;  fn 

TmfnediacydfFfTecl' 

Row  quTcWy  the  stifhulF  has  ah  effect 

Speed 

Tfie"magnifij‘deoft'he  veloci^  vector  of  the  slrhuli;  us'eci  fn  glo^l  repfes 

OrfectTohofMotiori 

The  vector  represehtatFon  of  the  direction  in  which  the  stimuli  is  moving, 

MetTiacTiolTne 

Dosage 

Amount  of  drug 

PdlUeveTdfThJury 

TheWentiarreverdrihJ^  information;  maylS^mulitpIe  levels  dependin 

ImfnediacyofEffecr"' 

Rdw'TdhgTftaRes  for  the  stimuli  to  have  ah  eff^  dh  the  recipient  -  horn 

TargetSysfem 

We'physToToglcSr si^emon  which" Hie  sHmuFrourd  have  an  eirect 

IdenlityProtire . 

The  idehtlty  of  the  stTmulF  vis-a-vIs  the  recipient  body 

AlbiiferoT 

Dosage 

Amount  of  drug  gTveh 

PdireveTdfThjury’ 

PofehfianeverbfThJu!^^  recipient;  generic  info  convey^  on  nomihaT  Fn 

laenlrfyProfile - 

TheidheH^'orthe  stfmuli  vis-a-vis  the  recipienl;  i.e.,  generic  possible  efi 

TarptSysfem 

The  physFoTogicaFsy  which  could  be  affected  by  the  stimuli 

TmmediacydfEifecr''* 

fiomihafinforiTitioh  on  how  fesfaclirig  the  stirnuli  could  be  oh  a  fecipTe 

Feclerate 

FederateFfdsf 

'THe"s"fnn"srfepresehtatiori  of  thehbsfhame  the  fedefale  is  execiilin 

FederateHandle 

THe"sTrrhgTepfese"i3iiHon"6f  is  the  handle  assighed 

FederateS't'afe 

The  stffhgfepfesentaliori  "of  (ReThfeger  correspohcirhg  to  the  value 

FedefateName 

The’stfmg  repress  of  the  name  spelHfiea  by  the  federate  at  jo 

PTIvefslon 

Th'esfrfhg  fepfesehtafion  of  the  software  version  of  the  TRITibrary. 

TlifneMahagerStaie  j 

The  string  repfeseh^^^^^  ofthe  integer  correpsonding  to  the  value 

FederafeLddkafiea  i 

THe  sfnhg  represe^^^  of  a  double  that  is  the  value  btl^he  fedfer 

FederateTime 

The  sffFhg  TepresehlatVon  of  a  double  that  is  the  value  ot  tne  tedera 

TimeConstfalned 

Tbe  characteFrepresen^^  that  specifies  vrtiether  t 

TCmePeguTaiing 

The  chafactef  representation  of  an  integer  that  specifies  vmetner  t 

'FIFOIengfh" - 

The  string  represehtatFon  of  an  integer  that  specifies  the  number  6 

iTSOIengl'Fi 

Thie^stfmgTepresei^aTlon  of  ah  integer  that  specifies  the  number  o 

itiequeueFIFOasyn  ’  jTfie  String  re  of  tfte  boolean  value  indicating  whether  j 

[TofalUBjectCounL"' 

The  string  repfesehtatioh  of  an  integer  that  specifies  tne  total  nu  | 

[Pdrdi‘ngT61<’ensObriTfi^^^^  of  an  Integer  that  specified  the  number  | 

DeTetedOlipcfCoun 

^Tfie  sfnhg  representation  of  an  integer  that  specifies  the  number  o 

KlumMHbufes" . 

The  sfmg  fepresenfa^^  of  ahTiifegef  that  acts  asahindicafor  of 

SI’umPafametere‘‘‘“^ 

jTHe  stnhg  represehtatibh  of  ah  integer  that  acts  as  ah  ihdfifcator  of 

Federation 

FederatTonNfame 

The  string  name  of  the  federation. 

FedefatrdnSfate" 

Thasffrrigfepfesenfafidn'd^  integfai  vaiue  ofthe  RTi::Federati 

Federate'sTnFedeiaif 

The  stfmg  rejpresentafibn  brthe  integral  humbef  of  federates  joihe 

SaveTsScHeclurecr" 

The  stnhg^re  of  the  bobleah  value  indicating  whether 

ScFeduredS'aveTrm 

:The  sthThg  representation  of  the  double-precision  floating-point  nu 

RTIversidn . 

The  string"  represehtatibh  of  the  vefsibh  number  of  the  federation  e 

AdmTnMefPia 

Dosage 

TAmbuht  ,  ” 

Targe{S'ystem“ 

Reclpieht  physibFbgFcal  system  of  the  stimuli 

rimmedia^ofErfecr" 

Row  fast  acting  the  sirmW'could'  be;  generic  info 

PdtleveTdfTnjury 

’  Potential  TevelbT injury;  hbifiihal  info;  could  be  mulitple  levels  depending 

[Tdenti^Prdfile 

:The  identic  Ibehavlbfy  of the^^  vis  -a  vis  the  recipient  body 
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Term 

Definition 

Ad  min  A!  but 

ImmedlacyofEftect 

How  fast  acting  the  stimuli  is 

PotleviTofrhjuiV 

Ttie  nbmlhai  injury  level  data;  ffiay  be  more  than  one  dependmg  oh  afrib 

TafgetSyste'm 

PHysibTbglcaf  system  afFected  by  the  stimuli 

TaerifftyProfilT"" . . 

The  fdehtity  (bebavTbr)  of  the  stTmiiti  vrs-a-vis  the  recipient 

Dosage 

Ambuhf 

SmoReStreamSlm 

‘Duratrbn 

Uenpn  of  ffne  the  srnoKe  sffeam  Is  dlrecBy  BlbwThg  a!  a  Ixidy 

iprCO-2 - 

percentage  of  C'02  In  ThbonfiFhg  smbtce  stream 

per02‘ - - - 

percentage  of  02  Th  srifibRe  mixture 

pefCO' - - - 

percentage  of  CO  In  smoke 

IcTeniJfyProfire - 

the  fdehtity  profile  of  the  smoke  stream  vTs-a-vis  the  hurha'h  body 

PblUeveTbffnjiily 

Pbfehfial  Tevei  of  Injury 

perOffieflriert 

percentage  of  other  iherf  gases  in  the  smoke  stream 

TargefSys^em 

PHysibTbglcaf  system  Trfipacted  By  the  sffibke  stream 

Trfirnedia'cybfEffect 

Rbwlbhg  It  fe'kes  the  stimuli  to  have  ah  effect. 

Vapo?CIouclS‘tTm 

Duration 

Length  of  time  the  Tbxfc  vapor  cibud  is  immanent 

‘Cbncerirratibn 

THe  cbhcehtfatTbh  of  the  cloud  in  rtii/ciibic  cm 

TmmediacybfHIfecf**"’ 

RbwTbhgTt  takes  for  the  stTrihuli  to  have  an  effect. 

TafgetSysfem 

The  iiTipcted  physioTbgicai  system 

'PbtUeveTbfThjury 

ThT potentiaflevel  of  harm”  to  the  body 

TdentTtyPfbfire 

Shmuindehtificatibn  with  respect  to  activl^  oil  the  Body 

MonoxicTeStlm - 

Arnburif 

^The  amount  5f  cafBbh  monoxide  that  is  input;  measured  as  pei^centage 

DuTatfon 

leritfiTof  time  that  the  stimulus  Is  applied 

lirimeaia’cyofEffe'cf 

Row  quickly  the ’stimuli  has  ah  effi^t. 

laenWProffle - 

The  profile  of  the  stimuli  with  respectTo  Its  effect  bh  the  Body 

PotleveTbfThjury 

The  potential  I’eve!  of  I’hj'ufy  to  the  Body 

TargetSysfem 

The  physlbfbgical  system  which  Is  affected  by  the  stirriuii  * 

PaTffcrenouaSWm""" 

SEeUfParficr^" - 

The  average  size  of  The  particles  In  the  particle  cluster.  Cluster  particles 

Duration 

TmrnediacybfEffecf 

PbOveTbfthjuiy  I 

;The  ptoential  of  harm  to  the  body  j 

denWProfile - i 

TargetSysfern'  '1 

jThe  phsiblogical  system  affected  by  ten  stimuli  j 

Federate 

FromFederate 

Alert - - - - 

ATert'Severity 

iThe  string  representation  ofthe  integral  vuaie  or  tne  LogType  enu  | 

Aleimxif""""" - 

ihiH 

ATefiltT"' - - - - 

S'emceLog  . 

ServlceMarrie 

Servicein  itFatbr 

ServiceLbgArgume 

Wandlef - 

nts 

HanareX - - 

HanareSeif - 

OBjecaDorCount""' 

Tag’OrTZaBeTO’rKlarn' 

TTme - - - 

Enumeratibn 

Bobfean 

iNTeanlng  is  dependent  on  service  invoked.  Parameter  is  represent 

OWecflrifbWatibn” 

O'BjectID - 

|The  string  fepresentaiibn  'ofthe  O'Bjectliniial  this  interactionTTa  re 
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Term 

Definition 

LockedAttrlbutes 

The  string  representation  of  the  attributes  that  are  owned  by  a  ted 

TegTsteredCTass . 

TFe  sfring  repTeseritat'idn  dfthe  class  that  was  registered  by  the  re 

IRepresentedClass 

PGblisfimgClasr^^ 

ObjectCTass 

InteractldnClass 

SubscriBlngCfass 

OBjectClass™' “ 

The  string  representation  of  the  object  class  ana  aannbutes  pubiis 

fntera’ctidnClass  ^ 

The  sfi^g  rejpfeseritafidri  of  the  mteractldh  class  handle.  The  for 

A'cbon . 

ToFedefat'e 

The  sfnifig  fepresehfatldh  of  t  he  federat‘e*s  handle  that  the  interact! 

SetTimlng 

FedRepbftPenoa”"^ 

rrmeRepoHPerr^^^ 

The  string  fepreseritatioh  of  the  Ihfeger  that  is  the  number  of  seco 
The  sfnhg  represehtalTdh  of  the  Ihfegef  thafls  the  numbef  of  seed 

ObjecWepbHFen'^d' 

The  sTrThg  fepreseritatioh  dftbe  integer  that  Is  the  numbef  of  secdh 

OBjecflD' - 

OBjecBD - 1 

e 

•AWibutelD" - 1 

ToRenSfate - i 

i 

tIbResTgnFederatTb 

ResignA'ctidn 

|The  string  representation  of  the  Integral  value  of  tne  i  i:;KesignAct| 

DbDeTefeObjecif' — 

OBJectlD' - - 

The  sfflhg  fepfesentatroh  bf  the  object  ID'  to  lise  as  an  argument  tbj 

Time . 

Tag 

DbSeiUdofTaTieaci 

CbokaFi'eacI 

DbSetTrmeCbnslrai 

State - 

Control - 

The  string  representation  of  the  boolean  value  tnat  enabies/disabie 

SetlogFIle - 

The  string  repfesehfatidh  bf  set  log  file. 

IDeTefeOBjecrr""""' 

jThe  string  fepfesehtatidh  bf  delete  object. 

[DequeueriFCi - 

|The  string  fepfesehtatidh  of  the  DequetieFlFO'. 
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Topic  Number:  OSD97-005 


Appendix  C 


Version  1 FOM 


Object  Class  Structure  Table 


Classi 

Class2 

airMixture  (PS) 

smokeGasMixture 

localParticleClusterCloud 

localChemicalVaporCloud 

gas 

02 

002 

CO 

volatiieChemIcalVaporCloud  (F 

particleCiusterCioud  (PS) 

Medical  Drugs 

Albuterol 

Methacholine 

Body  Environ  Matrix  (PS) 

Manager 

Federate _ _ 

Federation 
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Interaction  Structure 


AdminMetha 


AdminAlbut 


SmokeStreamStim 


VaporCloudStim 


MonoxideStim 


ParticleCloudStim 


Manager.Federate  j Alert 

[oi^ectinformation  \  Federate 


Initiating  Object  | 

Receiving 

Class 

Affected  Attributes 

Class 

Methacholine 

None 

BodyEnvironMatrIx 

i^buteroi 

None 

BodyEnvironMatrix 

smokeGasMi)dure 

None 

BodyEnvironMatrix 

locaichemicalVaporC 

loud 

None 

BodyEnvironMatrix 

CO 

None 

I 

i 

i 

I 

BodyEnvironMatrix 

locaiParticleClusterCI 

oud 

o 

z 

BodyEnvironMatrix 

Federate 

None 

Federate 

PublishingCtass  {Federate 


SubscribingClass  j  Federate 


Federate 


Federate 
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Object  Interaction  Table 


)bject/Area 

Interaction 

Parameters 

Init/  Sense/  React 

Affected  Attributes 

BodyAffectors 

Dosage 

IdentityProfile 

fargetSystem 

ImmediacyofEffect 

Potleveloflnjury 

IR 

BodyAffectors 

Dosage 

Jk^ntltjHPr^ _ 

fargetSystem 

ImmediacyofEffect 

PotLeveioflnjury 

IR 

AirComponents 

Duration 

IR 

Humidity 

perC02 

per02 

£erCO _ _ _ 

IdentityProfile 

PotLeveioflnjury 

perOtherlnert 

TargetSystem 

ImmediacyofEffect 

BodyAffectors 

DuraticHi^ _  -  ■  '  ; 

Concentration _ 

ImmediacyofEffect _ 

TargetSj^stem 

PotLeveioflnjury 

IdentityProfile 

IR 

Amount 

Tr  ^’~**’*  ' 

_ _ 

Humidity 

Duration 

I  mm^iacyofEffect _ 

IdentityProfile 

PotLeveioflnjury 

TargetSystem 

BodyAffectors 

SizeOfParticles 

Duration _ 

ImmediacyofEffeS 

PotLeveioflnjury 

IdentityProfile 

TargetSystem 

IR 

None 

lAlertSeverity 

'AlertText 

'Alertib 

IR 

None 

ObjectID 

Locked  AtTri  butes_ 
RegisteredClass 

X 

None 

Objectciass 

InteractionClass 

ilR 

None 

Objecrciass _ _ 

InteractionClass 

I'R 

: 

: 
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I 


Interaction  Structure 

Initiating  Object 

Receiving  ( 

Class 

Affected  Attributes 

Class 

Manager.Federate. 

ServiceLog 

, 

ServiceLogArgume 

nts 

Federate 

None 

Federate 

Manager.Federate. 

Action 

RequestPublication 

Federate 

None 

Federate 

RequestSubscripti 

Federate 

None 

Federate 

SetTiming 

Federate 

None 

Federate 

RequestObjectinfor 

Federate 

None 

Federate 

M  od  ifyAtt  ri  buteStat 
e 

Federate 

None 

Federate 

Control 

Federate 

None 

Federate 

Manager.Federate. 

Action.RemoteServ 

iceinvocation 

DoResignFederatio  | 

Federate 

None 

Federate 

DoDeleteObject 

Federate 

None 

Federate 

rboSetLookahead 

Federate 

None 

Federate 

boSetfimeConstral 

Federate _ 

None 

Federate _ 

DoTurnRegulation 

Federate^ _ 

None 

Federate 

DoTurn  Regulation 

F^erate 

None 

Federate 
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Object  Interaction  Table 


)bject/Area 

Interaction 

Parameters 

Init/  Sense/  React 

Affected  Attributes 

None 

Handlel 

IR 

Handled 

HandleSet 

ObjectiborCount 

tagdrLabelOrNam 

Time 

Enumeration 

Boolean 

None 

None 

IR 

None 

None 

IR 

None 

FedReportPeriod 

IR 

TimeReportPeriod 

ObjectReportPerio 

None 

ObjectID 

"iR 

None 

O^ectlD _ 

IR 

AttribiiteiD 

TokenState _ 

None 

SetServiceLogging 
Set  Log  File 

IR 

DeleteObject 

DequeueFIFO 

Kione  _ 

ResignAction 

IR 

None 

'objectiO 

IR 

:Time 

Tag 

None  _ _ 

Lookahead _ 

IR 

None 

Sjate _ 

:\R’ 

None 

None 

riR 

None 

None 

MR 
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Object/Interaction 

Attribute/Parameter 

Datatype 

Cardinality 

airMixture 

per02 

float 

1 

perN2 

float 

perC02 

float 

1 

altitude 

float 

1 

PotLeveloflnjury 

GenericInjuryLeveHnfo 

"l  + 

1  mmediacyofEffect 

Immediacyo^ffectbata 

1 

TargetSystem 

string 

1 

(dentityProfile 

IdentityProfileData 

1 

LocatioriXY 

XYCoorData 

11 

smokeGasMixture 

perC02 

tong _  _ _ _ I 

ii 

per02 

float 

11 

perCO 

Jloat  _ 

11 

.  perOtherinert 

"float 

M 

mmsmmmm 

h 

i  TargetSystem 

1  string 

h 

PotLeveloflnjury 

GenericInjuryLeveHnfo 

11+'  " 

Immediacyo^ffect 

ImmediacyofEffectData 

[i 

localParticIeClusterCioud 

Sizeof  Particles 

I  float 

ii 

CloudDiameter 

float 

1 

I  Concentration 

float 

1 

j  Altitude 

i  float 

1 

!  LocationLL  I  Location LLData  i  1 


I  mmediacyofEffect 


1 


i 

PotLeveloflnjury 

1  TargetSystem 

1  IdentityProfile 

I  Speed _ 

i  DirectionofMotion 

02  1 

iAmt02 

C02 

iAmtC02 

CO 

f^tco 

parlicieCiusterCloud 

[LocationXY _ _ 

!  LocationLL 

1  ParticleSizeGroups 

GenerictnjuryLevelInfo 

string  _ 

IdentityProfileDate _ 

float _ _ _ 

XYCoorbata _ 

float _ _ 

float _ _ _ _ 

float _ 

XYCoorPata  _ 

,k9?.?ii9D!y[:P5^ _ 

PaiticleSizeGroupList 


[iWude _ IS???. _ 11 

[identit^rofile _ fldentityProfileData _ M 
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Update  Type 


Update  Condition 


Conditional 


Conditional 


Conditional 


Static 


Static 


Static 


Static 


Static 


Conditional 


Static 


Static 


Static 


Static 


Static 


Static 


Static 


Static 


Static 


Static 


Static 


Static 


Static 


Static 

Static^ _ 

Static 


Static 


Static 


Static 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Static 


Static 


Static 


Static 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Static 


Transferable/Acceptable 

U  pdateable/Reflectabte 

N 

lUR 

N 

iLiR 

N 

iUR 

N 

UR 

N 

UR 

N 

UR 

N 

UR 

N 

UR 

N 

UR 

N 

UR  . . 

N 

UR 

N 

UR 

N 

UR 

N 

llR* 

upon  "big  enough"  change 


upon  "big  enough"  change 


I  If  sizes  drop  9|i*ph)^^ 
upon  "big  enough"  change  1 N 


N 
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Object/Interaction 


BodyEnvIronMatrIx 


Attribute/Parameter 


Datatype 


Cardinality 


AirPressure 


Altitude 


Location  Data 


float 


XYCoorData 


float 


float 


float 


XYCoorData 


float 


FederateHandle 


FederateState 


FederateName 


TimeManagerState  ,  _ 

FederateLooicahead 


FederateTime 


TimeConstrained 


TimeRegulating  _ 
FiFOierigth . . . . 


TSOIength 


DequeueFIFOasync 

fotaiobjectCount _  _ 

HoidingfokensObjectCou 


DeletedObjectCount 


NumAttributes 


NumParameters 


FederatlonName 


FederatlonState 


FederatesInFederation 


SaveisScheduled 


ScheduledSaveT  ime 


RTIversion 
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Update  Type 


Update  Condition  Transferable/Acceptable  Updateable/Reflectable 


Static 


Static 


Static 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Static 


Static 


Conditional 


Conditional 


Static 


Conditional 


Static 


Conditional 

Conditionar 

Conditionaf 

Cond^onaF 

Cor^ltional 

Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


Conditional 


N/A 


N/A 


N/A 


N/A 
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Attribute/Parameter  Definitions 


Object/Interaction  Attribute/Parameter 


AdminAlbut 


SmokeStreamStim 


VaporCloudStim 


MonoxideStim 


ParticleCloudStim 


I  Alert 


ServiceLog  Arg  uments 


Objectlnformation 


. 

j  Dosage _ 

jldenti^Profile _ 

|Target^stem _ 

I  ImmediacyofEffect _ 

. 

j  Duration _ 

fperC02 

[per02 _ _ 

[gerCO _ 

I  {dentltyProfile 

i  PotLeveloflnjury 

i  perOtherlnert _ 

ITargetSystem _ 

J  _ 

j  Duration _ 

I  Concentration  . 

'■  TargetSystem  _ 

j  PotLeveloflnjury _ 

I  ldentityProfi[^ _ 

p^ount _ 

j  Duration _ 

j  ImmediacyofEffect _ 

I  IdentityProfile _ 

I  PotLeveloflnjury _ 

ITargetSystem _ 

[sizeOfParticles _ 

I  Duration _ 

j  PotLeveloflnjury 
i  IdentityProfile _ 

J  _ 

piprtsi^erity 
iAJertfext _ 

[jWertlD^^ _ ZZZ 

[IJandiel _ 

iHandie2 _ 

i  HandleSet _ 

*  Obje^l  Do  rCount _ 

ifagOrLabelOrNarne 

iTime _ 

I  Enumeration _ 

IBooiean _ ^ _ 

jObjectib 


PublishingClass 


I  LockedAttributes 
[RegisteredClass 
I  RepresentedClass 

lObjectClass _ 

i  InteractionClass 


I  Datatype 

|doubje 

. 

I  string  _ 

1 1 mm^iacyo^ffectpata 

jGenericinjur/Leveiinfo 

Ifloat _ 

jfloat _ 

Tfloat _ 

ifioat  _ 

.1 _ 

I  GenericinjuryLevelInfo 

Ifloat _ _ 

1  string  _ 

\  Immed  jacyofEffect^^^ 

jfloat _ 

Ifloat _ _ 

j  ImmediacyofEffe^bata 

jj^iing _ _ _ 

MdentiiyProfileData _ 

jfloat 

jfloat _ _ 

|imm®diacyofEffectData 
|ldentiiyProfjlepata 
I  GenericInjuryLeyellnfo 

jstring _ _ _ 

Jfloat _ _ _ 

Tfloat _ 

I  Irnrnediacyo^ffect^ata 
Generjcjnjury  Leyell  nfo 

MdentityProfileData  _ 

.string _ 

^string _ 

:  string!  _ 

.string _ 

!  string _ 

jstring _ 

rstring  _ 
string  _ 

Istrlng  _ 
jstring 

^string _ 

string  _ 

^string  _ 
jstring  _ 

jstring _ 

jstring 
^ring  _ 
jstring 
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Attribute/Parameter  Definitions 


Object/Interaction 

Attribute/Parameter 

Datatype 

Cardinality 

SubscribingClass 

ObjectClass 

ring 

1 

InteractionClass 

ring 

1 

Settiming 

FedReport  Period 

rinp 

1 

tlmeReportPeriod 

ring 

1 

ObjectReportPeriod 

ring 

1 

RequestObjectinformationj  ObjectlD 

ring 

1 

ModifyAttributeState 

ObjectiD 

ring 

1 

AttributelD 

ring 

1 

TokenState 

ring 

1 

DoResignPederationExec 

ResignAction 

ring 

DobeieteObject 

Objectib 

ring 

1 

Time 

ring 

Tag 

ring 

DoSetLookahead 

Lookahead 

ring 

1 

DoSetTimeConstrained 

State 

ring 

»... 

Control 

SetServiceLogging 

ring 

SetLogFiie 

ring  . _ 

1 

i  beleteObJect 

ring 

1 

ring 

1 
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Attribute/Parameter  Definitions 


Units 

Resolution 

Accuracy 

Accuracy  Condition 

perfect 

aiways 

’ 

perfect 

always 

perfect 

always 

perfect 

aiways 

perfect 

aiways 

perfect 

always 

perfect 

always 

perfect 

aiways 

perfect 

aiways 

Igerfecf  _ _  | 

always _ 

"  i 

i  perfect  1 

aiways 

Ipei^ct  I 

always 

[perfect 

always 

ipeirf^ _ 

'always 

1  perfect 

aiways 

[perl^  j 

always  _ 

1  perfect  1 

always 

Igerfec^ _ i 

always 

1  perfect 

always 
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Attribute/Parameter  Definitions 


Update  Type 

Update  Condition 

T  rahsferable/Acceptable 

U  pdateable/Reflectable 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

"n/a“* . 

fil/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A  1 

'n/a  I 

N/A 

N/A  .  ( .  I 

[fi/A  j 

N/A 

"n/a** 

N/A  1 

'n/a  I 

N/A 

fil/A 

fii/A  1 

'fii/A  1 

"n/a 

N/A 

N/A 

INIA  j 

N/A  i 

"n/a 

N/A 

IN/A  I 

N/A  1 

N/A 

N/A 

iril/A  i 

fii/A 

"n/a 

N/A 

[jWA  _ _ _  J 

N/A 

N/A 

N/A 

IN/A 

N/A  1 

N/A 

N/A 

N/A  1 

N/A 

'n/a 

{, 


t 
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Enumerated  Datatype  Table 


Complex  Datatype  Table 


Complex 

Datatype 

Field 

Name 

Datatype 

Cardinality 

Units 

Resolution 

Accuracy 

Accuracy 

Condition 

ParticleSize 

GroupList 

SmallSize 

boolean 

1 

N/A 

N/A 

perfect 

always 

MediumSiz 

LargeSize 

boolean 

1 

N/A 

N/A 

perfect 

always 

boolean 

1 

N/A 

N/A 

perfect 

always 

LocationLL 

Data 

Latitude 

LatLongCo 

1 . 

N/A 

N/A 

N/A 

N/A 

Longitude 

LatLongCo 

1 

N/A 

N/A 

N/A 

N/A 

LatLongCo 
ord  Format 

degrees 

double 

1 

N/A 

N/A 

perfect 

always 

minutes 

double 

1 

N/A 

N/A 

perfect 

always 

XYCoorDat 

a 

X 

float 

1 

km 

hundredths 

perfect 

always 

Y 

float 

1 

km 

hundredths 

perfect 

always 

IdentityProfi 

leData 

Bronchioco 

boolean 

1 

N/A 

N/A 

perfect 

always 

[Aveioilnfla  1 

boolean 

1 

N/A 

N/A _ 

perfect 

always 

IModifyAirPr 

boolean  | 

1 

perfect _ 

alvrays _ 

boolean 

^1 

perfect 

al^ys 

IModifyAmbi 

boolean  I 

. . 

1  perfect 

always 

[BindHEM^ 

bod^n  1 

1 

inZs; 

n7a 

iperf^ 

always 

|Bronchio<^^ 

boolean 

1 

\WA  i 

_ 

{perfect 

al^ys 

Genericinju 

ryLevellnfo 

iL^vd _ 

any  1 

T 

[perfect 

always 

rPotentialnju 

TnjuryLevei  1 

1 

\WA"  i 

N/A 

miA  i 

N/A . .  "■ 

AirCompon 

entData 

jCOper  {float 

1 

jp^entegej 

tenths 

[perfect _ i 

always 

iArgonper  {float 

1 

Ip^entegej 

tenths 

Igerfe^ _ J 

alv^ys 

l62per  {float 

1 

Igerc^tegei 

tenths _ 

perfect _ j 

alvrays _ 

jC02per  Ifloat 

1 

Ipe^ntege^ 

tenths  _ 

perfect  J 

a^ys _ 

N2per 

float 

1 

i  percentage 

tenths 

perfect 

always 
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Object  Class  Definitions 


Term 

Definition 

airMixture 

The  environmental  air  surrounding  the  body;  used  in  more  non-local  and  potentially  chang 

smokeGasMixture 

The  mixture  of  gases  which  are  to  be  inhaled  by  the  human  and  which  form  the  gases  in 

localParticleClusterCloud 

A  small  cloud  of  particles  nearby  the  body;  involved  in  interactions;  used  in  local  represen 

iocaichemicaiVaporCioud 

A  small  chemical  vapor  cloud  that  is  nearby  the  body,  and  is  used  In  interactions;  local  rep 

gas 

One  of  the  states  of  matter;  refers  to  stimuli  in  this  state;  stimuli  serves  to  evoke  body  res 

volatileChemicalVaporCioud 

Vapors  of  volatile  chemicals  which  affect  the  respiratory  system.  Used  for  more  global  sit 

02 

oxygen  in  the  stimulus 

C02 

carbon  dioxide  -  in  the  stimuli 

CO  I 

1  Carbon  Monoxide  in  the  stimulus 

I  Small  particles  found  in  smoke  which  serve  as  Irritants  to  the  human  respiratory  system;  u 

1  Stimuli  which  are  drugs  given  in  a  medical  context. 

BodyEnvironMatrix 

[This  is  the  body  interface  interested  in  the  environmental  inputs 

Albuterol 

1 A  medical  drup  which  causes  dilation  of  the  bronchial  tubes. 

Methacholine 

1 A  medical  drug  which  constricts  the  bronchial  passages. 

Manager 

Manager  class  for  the  management  object  model. 

Federate 

I  Manager  subclass  for  federates  specific  information. 

Federation 

[Manager  subclass  for  federation  specific  information. 
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Object  Interaction  Definitions 


Term 

Definition 

AdminMetha 

Administer  the  medical  drug  mathacholine  . . 

AdminAlbut 

Adminster  the  medical  drug  albuterol  . . . . 

SmokeStreamStim 

A  smoke  stream  that  is  blown  right  onto  the  body;  the  stimuli  exists  right  near  the  body 

A  toxic  vapor  cloud  is  the  stimuli;  exists  right  near  the  body 

MonoxideStim 

The  stimuli  of  carbon  monoxide  in  gaseous  form  is  immanent  . 

ParticfeCloudStim 

\n  the  particle  cloud  stimuli,  ash  particles  are  the  stimuli  _ _ 

Manager 

The  Manager  Interaction  group  contains  all  Management  Object  Model  interactio 

Federate 

The  Manager:: Federate  Interaction  group  contains  all  MOM  Interactions  associat 

Alert 

the  Mahager::Federate::Alert  interacttoh  allows  the  Rti  to  inform  the  federation 

SenrIceLog 

SeryiceLogArg^^^^^ 

Objectinformation 

the  Manaqer::Federate::ServlceLog  interaction  allows  detailed  tracing  of  RTIamb 

^e  (^nager::Federate::ServiceLog::SeiviceLogArguments  interaction  allows  de 

the  Manager::Federate::bbJectlnformatlon  interaction  is  sent  biy  the  RTI  in  respo 

PublishingCtass 

the  Manager::Federate::PublishlngClass  Interaction  is  sent  by  the  RTI  in  respons 

SubscrlblngClass 

the  Manaaer::Federate::SubscribeClass  interaction  is  sent  by  the  iCTI  in  respons 

Action 

rrhe  Manager::Federate::Action  interaction  is  used  to  preform  an  action  on  a  rem 

RequestPubilcationT  ree 

the  Manaqer::Federate::Requesti>ubllcationTree  is  used  to  request  that  the  Rli  p 

RequestSubiscriptiont  ree 

rthe  Manager::Federate::RequestSubscriptiontree  interaction  is  used  to  request 

SetTiming 

Req  uestObj  ectinfo  rmatlon 
Modifv^^  ! 

the  Manacier::Federate:;SetTirninq  interaction  allows  modification  of  a  federate's 

iThe  Manaqer::Federate::Actlon::RequestObjectlnformation  interaction  causes  th 

rfheliflanagernFederate::Aciion::ModityAttribu^^^  interaction  allows  federate 

RemoteServiceInvocatlon 

rthe  Manager::Federate::Actlon::RemoteServlcelnvocation  interaction  group  cont 

boResIgn^ 

pThe  Manager::Federate::Action::RemoteServicelnvocation::boReslgnFe”deration 

DoDeieteObject 

nrhe  Manager::Federate::Actlon::RemoteServiceinvocatlon::bobeiete  interaction 

DoSetLookahead 

"The  Manager::Federate::Action::RemoteServiceinvocation::boSetLookahead  Int 

boSettimeConstrained 

the  Manager;:Federate::Actioh::RemoteServlceinvocation::DoSetLool<ahead  Int 

_ _ 

bofu  rn  Reg  uiationOff 

T*he  Manaoer::Federate::Actlon::RemoteServicelnvocation::boturnReguiation6n 

ther^anager::Federate::Action::RemoteServicelnvocation::bofurnRegulationbff 

Control 

the  Manager;:Federate::Action::Control  interaction  is  used  to  set  service  ioggirg 
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Attribute/Parameter  Lexicons 


Class/Interaction 

Term 

Definition 

airMixture 

per02 

Percent  of  oxygen  in  the  environmental  air  ^ 

perN2 

Percent  of  nitrogen  in  the  environmental  air 

perC02 

Percent  of  carbon  dioxide  in  the  environmental  air. 

altitude 

The  height  above  sea  level. 

PotLeveloflnjury 

The  potential  gravity  of  the  injury  caused  by  the  stimuli;  may  Involve  differe 

1  mmediacyofEffect 

How  long  before  the  stimuli  takes  effect 

fargetSystem 

The  body  system  which  is  affected  by  the  stimuli 

IdentityProfile 

The  signature  of  the  stimuli  with  regard  to  its  effects  on  the  body 

LocationXY 

The  latitude  and  longitude  Of  this  particular  air  Mixture 

smokeGasMixture 

perCd2 

Percnetage  of  carbon  dioxide  in  the  gas  mixture  of  smoke 

perd2 

Percentage  of  oxygen  making  up  the  gases  in  the  smoke  stream 

percd 

Percentage  of  carbon  monoxide  making  up  the  gases  in  the  smoke  stream 

Percentage  of  other  inert  gases  forming  the  gas  mixture  of  the  smoke  strea 

Indentity  Profile 

Stimuli  signature  wrt  the  body 

TargetSystem 

Physiological  system  affected  by  stimuli 

PotLeveloflnjury 

The  potential  level  of  injury  to  the  body  -  generic  -  can  Involve  multiple  lev 

1  mmediacyofEffect 

local  ParticIeClusterCl 

SizeofParticles 

oud 

ImmediacyofEffect 

PotLeveloflnjury 

Potential  degree  of  harm  due  to  the  receipt  of  the  stimuli  by  the  body;  may  j 

IndentityProfile 

List  oif  characteristics  of  the  stimuli  j 

TargetSystem 

The  physioiogicai  system  upon  which  the  stimuli  has  an  effect. 

localChemicaiVaporC 

Concentration 

"stren^h  of  the  chemical  vapor  cloud 

loud 

IdentityProfile 

The  characteristics  of  the  stimuli 

ImmediacyofEffect 

How  quickly  the  stimuli  has  an  effect. 

TargetSystem 

The  physiological  system  upon  which  the  stimuli  has  an  effect 

PotLeveloflnjury 

Potential  degree  of  harm  which  the  stimuli  causes  the  recipient  body;  may  j 

gas 

ImmediacyofEffect 

How  quickly  the  stimuli  has  an  effect.  f 

PotLeveloflnjury 

The  potential  degree  of  harm  which  the  stimuli  causes  the  recipient  body;  i 

IdentityProfile 

The  characteristics  of  the  stimuli 

TargetSystem 

The  physiological  system  upon  which  the  stimuli  has  an  effect 

volatileChemicalVapo 

LocationXY 

Physical  location  of  the  chemical  vapor  cloud  given  in  xy  coordinates 

rCloud 

CloudDiameter 

Distance  across  the  roughly  spherical  clooud 

Concentration 

Level  of  chemical  vapor  cloud  per  cubic  volume 

'Altitude 

Height  above  sea  level  of  the  center  of  the  cloud 

Location  LL 

the  location  of  the  toxic  vapor  cloud  given  in  latitlde  and  longitude 

ImmediacyofEffect 

How  quickly  the  stimuli  has  an  effect. 

PotLeveloflnjury 

the  potential  degree  of  harm  which  the  stimuli  has  upon  the  recipient  body 

IT^etSy^em _ 

The  physiological  system  which  is  the  target  of  the  stimuli  activity 

I  IdentityProfile 

Characteristics  of  the  sti.uli 

I  Speed 

Ithe  magnitude  of  the  velocity  with  which  the  stimuli  is  moving;  used  in  glob 

iDirectiqn^^  _ 

IThe  vector  representation  of  the  direction  in  virhich  the  stimuli  is  moving  ,  re 

02 . 

|Amtd2 

j  Amount  of  oxygen  in  the  stimulus;  measured  as  a  percentage  of  a  standar 

002 . 

I  AmtC02  _ 

1  Amount  of  carbon  dioxide  in  the  stimulus;  measur^  as  a  percentage  of  a  s 

CO 

jAmtCd 

[Amount  of  carbon  monoxide  in  the  stimulus;  measured  as  a  percentage  of 

particleClusterCioud 

j  LocationXY 

[Location  of  the  center  of  the  particle  cloud  in  x ,  coordinates 

I  LocationlX 

1  Location  of  the  center  of  the  particle  cloud  in  latitiude  and  longitude 

i  ParticleSizeGroups 

iThe  particle  size  groups  found  in  the  particle  cloud 

1  Altitude 

[The  height  above  sea  level  of  the  roughly  spherical  particle  cloud 

1  IdentityProfile 

[the  characteristics  of  the  stimuli 
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Class/Interaction 


Body  Environ  Matrix 


Federation 


Admin  Metha 


[Altitude _ 

j  Location  Data 


FederateHandle 


FederateState 


FederateName 


RTIversion 


FederateLookahea 


FederateTime 


TimeConstrained 


TlmeRegulatlng 


FlFOIength 


NumParameters 


FederationName 


FederationState 


FederatesInFederat 


SavelsScheduled 


Sched  uledSaveTi  m 


RTIversion 


Definition  _ 


The  physiological  system  which  is  the  recipie^  . 

piotentiai  degree  of  harmjSat  th^^tjmuli  has  u 

How  quickly  the  stimuli  has  an  effect . . 

The  magnitude  orthevetocity^y 

The  vector  representation  of  the  direction  in  which  the  stimuli  is  m^^^ 


The  pressure  of  the  environment  "air" . 


The  height  above  sea  teyd _  _  . . 

inforirnSion  sgecifiyTng  the  lo^^ 

The  amount  of  moisture  In  the  air  „  _ 


Composition  by  percentage  of  tiie  gases  in  _ 

A  genSc  atti^  whose  cardinality  is  uniimited  and  which  is  used  to  interi 
Amount  of  drug  _ _ _ _ _ 


Potential  level  of  injujyjo  recipient*  nominal  leyete 

How  long  before  the  stimuli  takes  effect  . . 


The  system  which  is  the  recjpient  of  the  stimuji _ 

The  identity  of  the  stimuli  vis-a-vis  teh  recipient;  generic  possible  effects 


Amount  _ _ 


How  long  before  the  stimuli  takes  effect  . . 


Identity  of  the  stimuli  vis-a^vis  the  recipient _ _ _ 

The  recipient  system  of  the  stimuli  jn  the  body _ _ _ _ _ 

Generic  levef^f  harm;  may  be  mulitpie  levefs ;  varying  ^h  amount,  etc. _ 

The  string  representation  of  jhe.hostnarne^^^^^ 

The  string  representation  of  an  integer  that  Is  the  h^ 
f  he  Srlirigrepn^en^^ 

The  string  repiresentatfon  ofthe^ 

The  string  representation  of  the  sof^are  version  ^o^^ 

The  string  representation  of  the  integer  co^ 

The  string  fepfosentetlo^n  of  a  double  thay^the  yaiue  o^^ 

The  string  representation  of  a  doubiejhat  is^^^ 

The  character  representation  of  an  integer  that  spem^ 

The  character  representation  of  an  Integer  that  ^ 

The  string  representation  of  an  Integer  ^hat  specjfie^ 

The  Sring  repnesentaff^on 

The  string  representation  of  the  boolean  value  indicating  wheth^^^^ 


The  string  representation  of  an  Integer  that  specjfi^ 
The  string  representation  of  an  integer  that  spe^^^ 


The  string  represer^tlqn  of  an  integer  that  s^^ 

The  string  representation  of  an  integer  that  acte 

The  string  representation  of  an  integer  that  acts  as  an  indicator  oft 

the  string  name  of  the  federation. _ _ _ _ _ _ 

the  string  reproseqtaffon  of  the  integral  ya 
the  string  repiresentaffq^ 

tfie  string  representation  of  the  boolean  yaiue  |nd^^^^ 
tfie  string  rep/esentaffon  of  the  doubje-^^^^^^ 

the  string  of  the  version  number  of  the  federation  ex 

Amount 


The  identity  of  teh  stimuli  vis-a-vis  the  recipient^^y 


Therecipient  system  in  the  bo(^ _ _  _ _ _ _ 


How  fast  acting  the  stimuli  is 


Attribute/Parameter  Lexicons 


Ciass/Interaction 


AdminAlbut 


SmokeStreamStim 


VaporCloudStim 


Duration 


Concentration 


MonoxideStim 


ParticleCloudStim  jSizeOfParticles 
\  Duration 


Federate 


Alert 


Froir.Federate 


AlertSeverity 


jtViertText 

ServiceLogArgume  |Handie1  _ 

nts 

jHandleSet 


ServiceLog 


Time 


Enumeration 


Boolean 


Objectinformation 


Definition  _ 


Potential  level  of  harm;  may  be  multiple  levels  depending  upon  the  amount: 


Amount  ^  _ _ _ 


The  identity  of  the  stimuli  _ _ _ _ 

How  fast  acting  the  stimujj  is . . . . . 

The  ^tentiai  level  of  harrnjhe  stmiujj  cou^^^^ 

Len^h  of  time  the  smoke  stream  is  directly  bjowing  at  _ _ 


percentage  of  C02  in  incoming  s/nok^stream _ 


percentage  of  02  in  smoke  mixture 


£^centage  of  CO  in.smoke 

the  identrty  p^  stream  vis-a-vis  the. human  body 


Potential  level  of  injury _ 

p^centage  of  other  inert  gases  in  the  smoke  stream . . 

Physjoiogical  system  im£acf^  by  thej^^^^  _ _ 

How  long  it  takes  the  stimuli  to  have  an  efect. _ 

Len^h  of  time  the  to)dc  vapor  cToud  is  immanent _ 


The  concentration  of  the  cloud  in  ml/cubic  cm 


How  long  it  takes  for  the  stimuli  to  have  an  effect. _ _ _ 

phy  _ 

Thejpotentiai  level  of  harm  to  the  body _ _ _ _ 

Stimuli  identification  ^h  respeS  to  airtivi^  on  the  body _ 

The  amounfof  (SIrbon  monoxide  that  is  in£S;  measured 


Lenth  of  time  that  the  stimulus  is  applied _ _ _ 


How  quickly  the  stimuli  has  an  effect. _ 

Th^jprofile  of  the  stimuli  ^h  resj^^to  its  effe^^  _ _ 

Ih®E?i®!!?E?[I?y®L9ilDjy!Y  _ _ _ _ _ _ _ _ 

The  physiological  system  vj^ich  is  affected  by  the  stimuli 
^^^erage  size  of  thep^cJesJnThe  particle  clu^ 

Length  of  Ijme  jihe  stimuH  ^  _ _ _ _ 

How  quicidy  the  stirnuli  has  an  effect _ _ _ 

The  ptoentiai  of  harm  to  the  body 


Who  the  stimuli  is  with  respect  to  the  body _ _ _ _ 


Tbe^phsiological  system  affected  by  teh  stimuli _ _ _ 

fhpstring  representation  oflh  inititating  federate*s  handje. _ 

The^Sring  representatton^qfthe^^^^^^^ 

The  string  representation  of  ti^^  _ 

Thpstring  representation  of  the  serial  number  for  an  exception. _ 

^be  strjn£ method  nai^^^^^ 

The  string  representation  the  injtiator  of  the  service  call  (FED  for  RT 
MeaS’ng  iis  dependent  on  send'ceT^^^ 


Meaning  is  dependjent  on  service  Invoked. 

Meaning  is  dependent  on  service  jnvoked,_^P^^^ 

Meaning  Is  dependent  on  service  invoked.  Parameter  Is  rep  resente 
Meaning  is  dependent  on  service  invoked.  Paf^jpeter 


The^s^trlng  representation  of  thejlme  pro^ 

Meanin£i£dependentjm  seryic^^^ 

Meaning  is  dependent  on  service  invoked.  Parameter  is  represente 
The^string  representation  ofJhe  O^^ 

The^string  representation  of  the  attribSes 

The  string  representation  oithe  class  that  was  registered  by  the  reg 
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Attribute/Parameter  Lexicons 


Class/Interaction 

Term  i 

Definition 

RepresentedClass 

The  strinq  representation  of  the  class  that  was  discovered  by  the  fr 

PubiishingClass 

Objeotciass 

the  strinq  representation  ofthe  object  class  and  attributes  publlshe 

interactionClass 

the  string  representation  ofthe  interaction  class  handle.  The  forma 

SubscribingClass 

the  string  representation  ofthe  object  class  and  dattributes  publls 

InteractionClass 

The  string  representation  ofthe  interaction  class  handle,  the  forma 

Action 

ToFederate 

the  strinq  representation  of  the  federate's  handle  that  the  interactio 

SetTimIng 

FedReportPerlod 

the  string  representation  ofthe  Integer  that  is  the  number  of  secon 

TimeReportPeriod 

the  string  representation  of  the  integer  that  is  the  number  of  secon 

ObjectReportPerio 

The  string  irepresentatioh  oifthe  integer  that  is  the  number  of  second 

RequestObjectlnfor 

ObjectID 

Tbeifrinq’represenfati'o^  of  the  ObjMtiD  that  Information  is  being  r 

ModifyAttributeStat 

ObjectiD 

the  strinq  representation  ofthe  object  whose  attribute  token  st^u^^ 

e 

AnributelD 

The  string  representation  ofthe  attribute  whose  instance's  tolekn  st 

tokenState 

The  strinq  representation  ofthe  integral  value  ofthe  Rti::tokenStat 

DoResignFederatio 

ResIgnAction 

The  strinq  representation  ofthe  integral  value  ofthe  fl::ResignActlo 

DoDeieteObject 

ObjectiD 

Triie  string  representation  ofthe  object  ID  to  use  as  an  argument  to  t 

time 

The  string  representation  of  t^^^  federafloii  to  use  as  an  argument  to 

Tag 

the  strinq  to  use  as  an  argument  to  the  deleteObject  service. 

DoS^etLookahead 

Lookahead 

‘The  string  representation  of  a  double  that  Is  the  value  the  federate's 

DoSetfimeConstrai 

State  _ 

The  strinq  representation  ofthe  an  integer  {Ture=0,  False=1)  that  to 

Control 

Sets  erviceLog  gi  n£^ 

The  strinq  representation  ofthe  boolean  value  that  enables/disables 

Set  Log  File 

iThe  string  representation  of  set  log  file. 

DeieteObjeci 

IThe  strinq  representation  of  delete  object. 

DequeueFlFO 

iThe  string  representation  ofthe  DequeueFIFO. 
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Version  2  FOM 


Object  Class  Structure  Table 


Class4 

ExternalllliicArllFfTFS] - 

ExternallfliacSffiLlP'S) - 

TnlemaniiacSiftR  (P'S) 
TnlefnarillracA'rlLlP'Sy - 

KiraoSSRlPS)"" 

I(iraOTLlP'S) . . 

ABclo'mPanefA'fifqFS) - 

ABaomPFne£«j(R''(PS'ji - 

•ABao'mW^'rETPSy - 

ABao'mWscSftRlPSr 

ReriaTA'rf  (PS) 

Esdp'h'ag^ArtTPS) -  — 

TntefcosfiaTAft’  (PS) 

Br6nchTalArt'’(P‘S) 

SuperiorPHreniOT^^^  - 

■SuBclavTanA''rtrF^^^^  - 

•CommonCafoJiaArtE'TP'S) - 

S'uBclaviariA'rtR  (P'S) 

•CofnmonCaroficTArtR'CFS) - 

B'racfiioce'pi'alicAr('(PS]r''''  ““ 

Cor6’naryAri[e7yR  (PS7 

'C'ofo’narySrfei^  (PS) 

Pulm-bWAftet^TPS) - 

PulmohatyMeryCXPS) 

PuIrhbhaiyTrunk  (PS) 

Desce'n9irig'A(5f{F(PS)' 
Asce-ncJin^6-rS"(PS) - - 

AortIcArcR  (PSy 
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Object  Class  Structure  Table 


Classi 

Class2 

Ciass3 

VeininBody 

Organs 

'FT^HlPSr  ■  ‘ 

Lungs  (PS) 

UfpnTcRCPTRS - 

'CFierfioReceplor 

C02*Serisdr 

PHSensof 

^U2S^c^  .  ■ 

B'aroRecepfor 

‘HAROAortrc/^cF(PSy 
•BAR'0"CarofiefSInuT(PS)- - 

TrntantSensof 

AvedlarlmfanTSerisor  (PS) 

BronchloleTmtarit'Sens^^^  (PS) 
Lafy  nxTrrilfah^^  (PS) 

•TracTreaTrn&WensorlP'Sy — 

TissueOroups 

UpperUmBTTssue  (PS) 

ReadTTecR5pineTTssue( 

^wertlrfibTissuelPSJ - 

InlTliracTTscl'lFaffetTTssu’e  (PS)' 

■ABaoiWrsceraTrssu'e''^^^^^^ - 

:KrdneyTissue"(PS) - 

Reaifrissue  (PS*) 

’HsopfiagusTTs^^^^  (PS) 

TungTfssuelPSy - 

ResprraldryK/liTscT^ 

ABddmlnariPSy  ‘  ' 

ExternaHi^'ercost^^^  (PS) 

TnternaTntercosfars  (PS) 

'Diaphragm  (PS) 

Cavrfies 

NasalCavity  (PS) 

■TfioracicCavT!y(PSy 
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Object  Class  Structure  Table 


Class4 

InternalllljacVeinR  (PS) 

ThlemarillJacVernLlP'S) - 

EjaernifiracVeif^ - 

HSaernailllacVeinnPgJ - 

Su^norVeiiiCavintPS) - - 

ThlerlorVehaCava  (PS) 

RenaWeih  (PS) 

PFirenlcVefn  (PS) 

HepaticPbrtalVeih  (PS) 

S^gosVeih  (PS) 
Braaii6cepRaircWnR(P51^ — 
BraicliiocepFraTcWril^^^  — 

SubclaviahVeihR  (PS) 

SubclaviariVeihL  (PS) 

JugiilarVeinsR  (psy” 

JiigurarVeinsL  (PS) 

PulmoharyVeTrisR  (PS) 

PulmonaiyVansL  (PS) 

tSfonaiWSnRlPST - 

CororiaryVeThL  (PS) 

NTeaurCCCRecpn^  - 

W^IPI^ecpT(P'S)’ - 

CiFoTOSRecpfTPBT - 

?SrScD'2'Recpr(PS) - 
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Classi 

Clas52 

ClassS 

Pleuraicavity  (hS) 

'CfiamBers 

IReartChambers 

VenTfHeLeir(P'S) 
VenfrlcTeRiplFSJ - - 

AtnaCeft  (PS) 

■AtrlaRTglTt  (PS) 

Valves 

FieaftVaTves 

AortTcSemlCuharVaTve  (PS) 

PulmohaiySemiLuria^^^^  (P 

MifraTVaTve  (PS) 

TncuspTdVaTve  (PS) 

EpigrdftBTPS) - 

LumpecIZones 

LungCoMucfirigZone  (PS) 

Uu  ngPespTrafotyZorie  (PS) 

Human  (PS) 

CaraiovascuTarSysfem  (S) 

Resprral[orySystem'’(^^^  . 

BoayEfiwdnTOraiP'Sr - 

alrMixfijfe  (PS) 

s'molceG'^'RlixliJre 

ToraFafflaeClusl'irCToFd”” 

rocaTCTiemTcalVapdrCloud 

ps 

^02 - - - - n 

■C02 

-  - 

volaSreCh^ffTiralVaprCTducrr 

p7HaeClusle7CTdur(^^^^ - 

MedicalDrugs 

Methacbolihe 

Albulerof 

KT^ullRecvSehdComp  (S) 

MedullaReguTatblfyC'enfef 

MedullaVasomoforReg  (PSJf 
WreTullaCareiToReglPS)' - 

•MeauiraRispirReg" - 

Manager 

F^erafe 

Pe“deratrbn 
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Object  Interaction  Table 


Initiating  Object 

Receiving 

interaction  Structure 

Class 

Affected  Attributes 

Class 

Starthxpiratory 

InspiratoryCenter 

activitystate 

txplratoryuenter 

s^tus 

’CeaseTnhale 

BpigfottTs 

None 

IhspiratoryCenter 

Tnfratron'MaxTmunfi 

Lungs 

LuhgVoTuThe 

Pheumotaxic/rht^Ta 

’ChangeCycleTime 

PneumoTaxic/inTegra 

tionCenter 

None 

ExpiratoryCenter 

ThsplratoivCehter 

OpenEpigToSis - 

FneumotaxFcjlnfegr^ 

ExpIratory'Ceriter 

None 

EpigloftTs 

CroseEprp'ftis — 

Pneumolaxic/lnfeg^^ 

None 

Epiglottis 

ConstnctBronc'HTofes 

BronchlbleTmianTSer 

None 

Bronchia 

TrntaritSenseicf 

Av’eoTaflmtanfSehse 

AveolarlrrKanfSenso 

None 

PneumoTaxlc/lhte^^^ 

BroricfiioleTmtaritSen 

UarynxlrrilEanTSe^^ 

BroricliroTeTrrltantSen 

LarynxTrnianfSensbr 

ISTohe 

TJone 

Pneumdta'xu^hfeg^^ 

PheumolaxlcThtegra 

TracfieaTmtanfSens’'* 

Tracheal  mfahTSens 

T^one 

Pneumo!a)ac/Thfegra 

IrrS'ensorAcfivafed 

TracActlS 

BociyEhvTrohli^alrix 

None 

Trachea  I  rritantSens 

or 

UaryAc^lE" - 

B^yj^nvirohMairix 

Tlone 

LarynxlrrltantBensbr 

BMyEhvTr6hl\Jfafr1>r" 

EfdncfiToTerrrilihTSen 

sor 

B’rbnAcKlS 

TsTone 

- 

■■AverAcffS - - 

BoffyEhviforiMatrix 

None 

AveoiarIrritantSenso 

r 

CliangeArrefyDTame 

terCommand 

DllateAHeiy 

MeduiraVasomotorPT 

eg 

None 

AbdomPaneiAriL 
ABaornFarlelAftR-”"' 
ABaSmVlsoSftt:' — 
ABaofnWscAftR - 

- 

PehaTAft' 

/CommbhCarofiSAftL 

[TliracArtL 

BrohchiarArt 
EsophagearArl' 
TxtemaniliacArfl: — 
BupenorPhrenicAifl 
BrachlbcephalicAft” 
‘CbmmbnCafoird'ArtP 
Ei^aniliacAim 

’CbrbnaryArtefyL 

CofoharyArteiyR 

IhtercostaTAifr 

BuBcIavianArlR 

BuBcTavlahAj^ 

PuTmbharyAfferyL 

PuimbhaivArteryl^''*^ 

inraiiSi'rtR 

IhWnaninadSifa- - 
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Object  Interaction  Table 


bject/Area 

Interaction 

Parameters 

Init/  Sense/  React 

Affected  Attributes 

status 

None 

IR 

actlvTtyiS'tafe 

aclWSlafe - 

None 

IR'  . 

None 

None 

IR 

.. 

CycIeTTme 

Direction 

‘CycleTirrie 

CycteC'hanp 

status 

None 

TR*””  ' 

status 

None 

DTanfieter 

Amo'u'rit 

IR  ■■ 

None 

Locattoh 

IR 

None 

Location 

IR 

None 

Location 

TR“ 

None 

Location 

TR 

Status 

TumDn”" 

CevelofTmtant 

‘Status 

Tufn'Oh 

LeveroflmSnf - 

IR" 

S’tafus - 

TurnDri 

LeveloflfrilaTif - 

IR-  ~ 

'S'ta'fiis . 

Tu'fri'Gn 

UeveloTrmta'nf 

Drartiefer 

Artiburit 

TfR"  ■  " 
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Object  Interaction  Table 


Initiating  Object 

Receiving 

Interaction  Structure 

Class 

Affected  Attributes 

Class 

internaiiiiac/vrtK 

ConstnctArtefy 

i 

o  1 

« 

“  O) 

^  0) 

None 

AbdomParietArtR 

ABSofhFarlefAriBI 

•ABaofnWcAftr - 

ABaofiiVIscArfR- - 

Bfachlocephali^^ 

HroricPiialArt 

CommbnCarotTdArffl' 

CbmmbnCaTo^dAriR 

CbrbnaryA'rteryC 

CbroriaiyATteivR 

EsbpPiaparArf* 

ExtemaniliacArtL 

HxTefnMllTac«=tR — 

TliiacArtU 

TliracAflR" . .  ■ 

TnlefcosSTAH - 

PulmbharyArferyt 

PulmbharyArferyR 

PenaTAfT*"'"*’- - 

'Supe7iorPhrerncAft‘‘“‘ 

I'SuraavianArlR* 

Hubclavi'ahTiJH: - 

TritemaTlllTacArtL 
TnTeTnaMacArfR- - 

TissDTsfressTrahs 

SympAbdomViscNV 

■SympExtlliricNV - 

SympSubclaviariNV’ 

'SympEsoph’gNfV* 

'SympTnllllTacNV - 

BympCarotiaRV - 

SympHrohchlalN^ 

‘SympReriaTNV 

None”***’ 

MedullaVasombtorR’ 

eg 

TissueDTsfress 

TlssOlsiressli 

UungTissue 

I^efaliioircRate 

’pD2ofnssueGrp 

•pCOSWaste 

B’ympBroh'cliTalNV****** 

TissDTsfressg 

EsopTi’agusTissue 

MeiaBoTicRafe 
‘pU2‘ofnssueGrp 
pCU2Wast‘e - 

‘SyrnpEsbpTigNV 

TissDTstr^sf 

KldneyTissue 

MelaboTicRaTe*"”''^’''’* 
pO^ofTissueGrp 
pCU2Wasfe - 

SympRenalNV~~ 

TissOTstr^se 

ABdonfi  VisceraTf^u 
e 

’KfleSBoTicRafe 

p02ofnssueGrp 

w 

'< 

3 

*o 

> 

s 

o 

3 

o 

-  ■ 

•pCaSWasfe" 

_ _J 
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Object  Interaction  Table 


bject/Area 

Interaction 

Parameters 

Init/  Sense/  React 

Affected  Attributes 

DTarfiel'er 

Diameter 

‘Amount 

IR  . 

Mone 

p02TTssGrp 

Tocafioh 

pCa2TrssGrp - 

wtiTctiProB 

TR  “■ 

florie 

pO‘2ofrrssGrp 
"p“C‘a2’ofnssG‘rp — 
wfiTcTiF'rob're'm 

Ift 

‘  None 

pO’^oflTssGrp 

wfiictiProblem 

pC'Q2o^ssG‘rp 

‘TR““ 

None 

■^2(5nTssG‘rp 
pC‘02’bfnssGrp 
whTctiProbTem - 

IR 

None 

pO‘2ofnssG’rp 
pC02ofTT^Grp 
whTcTiProbTem - 

‘TR 
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Object  Interaction  Table 


Interaction  Structure 

Initiating  Object 

Receiving 

Class 

Affected  Attributes 

Class 

TissDistressd 

IntllljacViscNParietTi 

ssue 

MetabolicRate 
p02ofnssueGrp"  " 
pCaSWasfe - 

SymplntllliacNV 

TissDTstressc 

L'owerLTmBTi'ssue 

Me^BoTicR'ate 
p02ofTissueGrp 
pCaSWasTe - 

SympExfITfiacRV 

TissDTstr^sb 

ReacfRecR'SpTrieTiss 

ue 

'p02*bfTissLjeGrp 

MetaboTBTaTe - 

pC‘a2Waste - 

SympCa'rotTdRV' 

TfesDistressa 

UpperLi'mlDTissue 

MetaB'oTicRafe 

pa2ofnssueGrp - 

pCa2WasTe" - 

SyrnpSubcTa^anRV 

DecreaseReartStrolR 

VagusiW 

Wone 

Rear! 

Thcreas^earifStrok'e 

SyiripatFietTcCardiac 

Wbne 

Hear! 

HSraeVoriifneDecr 

FS'fir61<eV6rume 

MeaijIIaCaftllbR^ 

MeauiraCirardReg"" 

BPRearlSysRJIonitof 

BPReartSysMonW 

VagusRV 

S'ympatRetTcCafbTac 

HeartRafeCommafiS 

FarasyrnTn'creas’eR'a 

VaguslW 

R6“ne 

RearT 

TncreaseR'ate 

”SyfnpalTieticCa’r3ia'c 

Rorie 

RearT 

D’ecreaseRat'e 

V¥gusNV 

R'orie 

Reafl 

ReaHR'aleTranF — 

P'arasymReartRaTef 

M^ull'aCafclToR^ 

Rone 

VagusRV 

IncreaseHeartRafe 

fiiSfuTfaC’arSioR'eg 

R'one 

SympatfieticCa'rSrac 

D'ecre'aseReartRale 

T/fetfuTlaCarcIioR*^ 

R'ofie 

VbgusRV 

CWemPPPafasyrnTr 

ans 

MeSullRecvSendC'o 

mp 

Rone 

[VagusRV 

OTemPHSympTrans 

Ti!e8ullRecvSen8C6 

mp 

Rone 

''S’ymlpathetTcCafbTac 

Nerve 

RelaxTransA 

Ins'pirat'oryCe'rit’er 

Rone 

RFi'rehTcRVr* 
“ThWcosSTRV - 

HeTaxTransB 

Expirat’di^'Ce'nter 

Rone 

"ABclo'minalRV 
Tntefco'sfaTRV - 

'ConfractTransA 

Inspirat'ory'Cenfer 

Rone 

IntefcostaTRV 
•pfirenicRV*'*' . . 

•ConfractTransB" - 

Hxpi'ratbry'C'enter 

Rbrie 

‘ABSomirialNV 
TriteTcostaTRV - 

Relax . . 

■RelaiOT'dominars 

Abcloi^nalNV'  1 

Rone 

ABdoWrial  . 

R'eraxlnl’ernaTrnfera) 

InferoostalNIV .  ' 

R’one 

1  nternaTriferoos'taTs 

ReTaxExternaTI'nterco 

InfercosfalRV 

Rofie  ! 

'ExteTnairnt'ercostals 

ReTaxDTa‘‘phrag'm 

PTireriTcW 

None  " 

DTapfira’gm 

Contract'  ‘ 

C'bniract'DIapHragm 

PPirenrclW*"’ . 

Rone 

DT^’ragnfi 

'ContractTnt’em'alTnfer 

IhTerobstallSIV 

N'orie 

rnfernaTritefcosta'fs 

C'ontractBxferhalTn^^ 

InfercbstalNV 

R'one 

E^er'nali'nt'e’fcostai's 

C'ontractA’bdbmlhars' 

|AI)(ibfriFnaTfW 

R’bne 

'At}3omTriaT 

RetuiWrbT;i6rmarp^^^ 

VaguslW"" 

rGlosToWaWeaTNf' 

Rone 

MeSuDaCafcIToReg 

r6wpa2  - 

VagusRV 

Ro'ne 

MeSulIaC'arbTbR’^"*" 
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bject/Area 

Interaction 

Parameters 

Init/  Sense/  React 

Affected  Attributes 

None 

pO20tiissurp 

pCO'2ofnssGrp - 

wfilcTiPrbbTefn 

IR 

None 

'^2ofrrssGfp 

pTO2’ofTissd^^^ 

whlcfiFfoBlern 

IR 

None 

■^2oTnssGrp 

pCDIofTissGrp - 

wfilcHProbTerfi 

TR" 

None 

p02dnTssGrp 

wfircfiPfoBrem" - 

■^OIofnssGrp - 

IR  ■" 

•SlroTTeVoliime" 

Amount 

'IR"" 

Slj^oFeVorume 

Amdiinf 

‘TR 

None 

Amount 

IR 

None 

l\moun][ 

’IR  ■ 

HeaftRate 

Amount 

IR 

NeartRate 

Amount 

IR 

HearfRate' - 

Amdurif 

’IR'  "  " 

None 

Amount 

IR'"  "  “  " 

None 

Amount 

’IR  ' 

None 

Amount 

IR  ~  ■“ 

None 

DecreaseThSV 
DecreaselnNR“ - 1 

’IR 

None  * 

IncrMselnHR 
TncreaselfiSV - 1 

'IR"“ 

None 

AjfTouhlt 

[IR“'“  "  " 

None 

Amount 

’IR"  ““ 

None 

Amdurif 

’IR  ■  ■“ 

None 

Amount 

•IR . . . . . 

ContraWdhI-evei 

Amdurit 

‘IR"""' 

ConffactronUeveT 

Amdurif 

:iR'  "  "“ ' "“  '" 

ConfractidnUevel 

Arndunf 

IR 

'C‘6ni(racTi‘onreveT 

Amount 

‘CbnfracfiontleveT 

Amdurit 

'Conffactrontevel 

Amduht 

(R 

Cbritractionllevey 

Amdurif 

*1R'  . . 

‘Confractrofilevel 

Arndunf 

TIR"" 

B'P‘ITe¥rt*SysNf6rfi!or 

p02Vaiue 

*IR"  "" 

EPHeaftBysf^onlfoT 

p02Value 
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initiating  Object 

Interaction  Structure 

Class 

Affected  Attributes 

GlossopharyngealN 

TncrMseBP' 

GTdssopPiafyrfgeaTR 

VaguslW 

Nfdne 

DecreaseBP”* . 

VaguslW 

GldssopKaryngealN 

None 

AdiriTnATbut 

'AIBiiKeroT 

None 

SmoReSlreamSlTrri 

smokeGasMixture 

None 

VaporClouclB’lTm 

/ 

Ic^TCHemTcalVapor 

Cloud 

None 

MbhoxicieS'tTm 

cu . 

None 

PafficTeOToudStim^ 

locaFarticleClust^^^^^ 

loud 

None 

AclmThMetFia 

l^elhacTioTine 

None 

MariagerTFederate 

Alert . . 

FederaTe 

None 

Receiving 


MedullaCaMoReg 

...... 

Bo3yEnvif6nK/laTrTx“ 


Bol3yEnvF6nMa!rTx 


Hc^yEHvIfohli^alnx 


Bo^yEhviron’Malnx 


BoSyEnvTfonMafrTx 


iFederiiie*' 
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bject/Area 

Interaction 

Parameters 

Init/  Sense/  React 

Affected  Attributes 

IPmaftSysMohloF: 

AnfiOLifif 

TR  “ 

Location 

BPReartSysICIonitor 

Amount 

Locatibh 

TR"  “■ 

Boay»:rec{6rs"”" 

Dosage 

TmrnediacyofBfTect 
TargetBysfem 
PoOveloflnjuiy 
laeM^Profile - 

IR  “  “ 

'AifComponen^^^ 

Duratton 

IR 

fi'urnTdrfy 

perCD2 

per'02 

perCO 

laeriltfyProffle - 

PbtLeveTbftnjury 

perDtfiertnert 

TargetSysfem 

TmmediacybfEfTect 

HodyAffecifdrs 

Duration 

Concentration 

iTmrfiediacybfEifect'^’’ 

ITarptBptern - 

iPbtUeveTbfTnjury 
llBeritityProfile*"*** - 

TR  "  ■ 

'AirCbmpohents 

lAmount 

IF^ 

HumTdffy 

Duratron 

IrnmeSiacyoHEiTecl 

T3enli^Pr6Tre - 

PbtUeveTbflhjury 

TargetBystem" 

BbdyAWecfbrs 

STzeO’fPaftTcTes 

Duration 

■TmriieaiacyofErecr" 

PbtLeveTbfTnjury 

TderitTtyProfile 

Targ^Bystem 

TR 

BbdyAffecfors 

Dosage  ^ 

TmmediacybiBffe^^ 

PbtLeveToflfhjufy 

laehWProre - 

TargetBysfem 

’TR  “ 

Rone 

TUertSeventy 

•AleftText"” . 

ATertID'"' - 

IR  : 
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Object  Interaction  Table 


Interaction  Structure 

Initiating  Object 

Receiving  ] 

Class 

Affected  Attributes 

Ciass 

Objectinformation 

Federate 

None 

Federate 

FuB'lisHmgClass 

Federate 

f^one 

Federate 

SuB'scriBihgCTass 

Federate 

None 

Federate 

Manager.Fed'erate 

ServiceLog 

ServTceEog  Argil  me 
nts  f 

Federate 

Rone 

Federate 

ManagenFedeTa^^^ 

Action 

ManagerTeder^^^^^ 
Action.  RemoteServ 
iceinvocation 

RequestFuB'licai^ 

Tederate 

Rone 

Federate 

Reques'fSuBscriptr 

Federate 

None 

Federate 

Sernmifig - 

Federate 

None 

Federate 

RequesKDBjecitTnfor 

Federate 

None 

Federate 

Mddfii^AiiriButeS^ 

e 

Federate 

None 

Federate 

ConTrol 

Federate 

None 

Federate 

DdResTgnFederatid 

Federate  1 

Rdrie 

Federate  . 

‘DoDeMeOBjec^ — 

Federate  | 

None 

Federate 

DoSetLookahead  |  Federate 

None 

Federate 

iDoSetTimeConstral  Federate 

1  .. . 

None 

Federate 

iDoTurnRegu  ration  1  Federate 

None 

Federate 

DoTurnRegu ration  \  Federate 

None  "  ** 

Federate .  . 
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Object  Interaction  Table 


bject/Area 

Interaction 

Parameters 

Init/  Sense/  React 

Affected  Attributes 

None 

ObjectID 

IR 

UocKecfAttiriButes 

RegisteredCTass 

RepreserifeafCTass 

None 

O'fSectC'lass 

TR" 

InfefacifionCTass 

None 

IDBjeclCTass 

IR 

IntefacUonCTass 

None 

TfaridfleT 

IR 

Hancire2 

HandreSef 

OTjJecflDorCbunr 

TagOrOBeTOrTlain 

Tlrne 

HnumeratToh 

BooTeah 

None 

None 

IR 

None 

None 

IR 

Nbrie 

TMBidReportPenoa 

TirneRep61Wemd“^ 

UBJecilPref^ 

IR 

None 

Ob]ectlD 

TR  ■ 

None 

•OBjectrD  I 

TR 

AHribulelD 

TcfReriState 

None 

'^efS^rvicetjoggmg^ 

TR-  ^ 

SeCogFife 

BeTefeOBjecr 

BequeueFlFO 

None 

Resign  Actfoh 

HR  ■■  ■ 

None 

‘OBjectFD  ‘ 

*1R  "  “ 

TTnie  . .  '  ' 

Tag 

None 

TookaFi'eaiT 

HR  ■ 

None 

State 

tlR" 

None 

None 

TIR 

None 

None 

Mr 
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Attribute/Parameter 


Datatype 


Cardinality 


ervousuuciwor 


Liings  . 


TmtaritSensor" 


mssueGroups"’ 


Epigroffir 

Rumari 


[ArterylriEody ' 


VeirilriEddy** 


I  ransmissioni-acior 
’•TieartR^ 

Etro1<eV6Turne"  . 

CafdracO'uTput . 

PerTpineralR^’istanceTd® 

FdrceOTCdn'fracfidn . 

BloddPressufe 

“  lungVolufrie  ““ 

ThTem'airungPfessure 

OvefaMTrwayRi^rsEnc^^^ 

TidalVoTume 

Dead’AirS'pace 

RespiratdryRafe 

LungCdrriplTance 

IhsplratdiyCapacliy  . 

\/ita‘fCapaci^'*‘‘“‘ .  “ 

TdtalUungCapacT^ 

ThspiraTdtyR^erveVdlu^^ 

’ExpiraToryReiTen^^^ 

F^sidualVoT^  . 

. Udcal’idn  I 

Etatus  i 

■"Me^BdTicRaie . . "1 

pCDOT^“ - i 

pO'2'De^and'  “1 

PerlpReralResislance*  i 

TOExtraHionCoef^ — ' 

PercentCardiacDufp^  ^ 

‘pO‘2ofnssueGrp  ‘ 

...  .  . 

. PemdgidbTnBrndThgPefce^^^^^^ 

- 

Temperature  . 

PumanState . . . 

ShuritFactor  . . 

pG2:In . 

FldwRate  “ 

Diameter  . 

■pCU2:!n — - - - 

. pn^in*"™'****: . . 

pCmTn 

nSwRate - - — 

Diametef  “ 

’'“FfdwRa^ - 

Diameter  ' 
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Units 


Resolution 


mm  hg 

mmHg 

ifnm 

mm 

mm 

mm 


cm3“  . 

mi/nfiin 

cm3’ 

cm3‘ 

percentage' 

pefcenta’ge' 

’percentage' 

’percentage' 


■mm’Rg  ” 
m’m’Rg 
'm’m’Hg 
'mm’Rg 

ml/mrn/mffi’Rg’ 

’ml/nriri^mm'Hg 

'mm’Rg  . 

mm’Rg - 


tenths 

teritTi's . 

teritfis . 

te’h’tHs 

teh’t'Fi’s . 

■fentFi’s 

ti’u’nd’red'fh’s”’” 

mtege’f’varu’e 

mtegef’vaTu’e 

infege’f’v’aTue 

Irfu’ncl’fed’fFis’”” 

fi’und’red’fh’s”” 

tenttis - 

Fi’u'nd’fed’fh’s””* 

itiu’nd'fedtFis’"* 


TTundredtPis’ 

hu’ri'd’fed’tlis 

ti’und’f’edtPis 

ffund’re’d’fh’s 

Fu’ndredth’s 

ffu’nd'redth’s 

teritTi’s" . . 

tentTi’s 


‘cm’S’"’ 

’mm’” 

Umin 


tenth’s 

mteg’e’f’v’arue 

teritTi’s 


’’pe’rce’htage' 


iTi’u’h’d’fedtPis 


j’perce’ntage' 


\WK 


’Th’m’Rg' 

R’/A’””””' 


’mm’Rg' 

— 


itFTou’s’ahcftTi’s’ 


Ti’uh’d’re’dth’s 
WK" . 


‘tPidu’s’ahcJtTi's’ 

WK — . ”’’’’ 


itFi‘'6us’a’h’cftTi’s’ 


’N7A' 


■jperFecr 
tpedfecf’*' 
’jperfecf’’' 
■fpe’Tfec’t*' 
jperfecf' 
‘I’pe’rfecf’' 
■jpedfecf 
■Iperfecf’ 
'rperfecf*' 
Tperfecf’' 
■jperTecf*' 
jperfecf' 
■j’perfec’f' 
'jperfecf^ 
jjpTecf' 
jperfecf’ 
jperfecf’^ 
jperfecf’ 
'I'perfecf' 
jperfecf 
jperfecf' 
Jperfecf' 
jperfecf’ 
jperfecf’ 
’tpfecf' 
jperfecf’ 
jperfecf 
jperfecf 
j’perfecf 
jperfecf 
I  perfect 
I’perfecf 
j’p’erfec’f 
’tpirf^’ 
jperfecf 
jperfecf 
jperfecf 
’I’perfecf 
ipfecf 
Jperfecf 
■jperfecf 
“rperfecf 
“jperfecf 
"Iperfecf 
“jprfecf 
“jperfecf 


Accuracy 


Accuracy  Condition 
always 

'alwaii^  . 

lalways  "  . 

lalwa^  . . 

[always 

[alwa^’’”’’*  . 

[always  ^  . 

lalwa^^  . 

[alwar^  . 

[always  . 

’alw’ays 

'aTways 

'always 

’aTways 

‘always 

’always 

’always 

’always 

alw’ays 

’alw'ays 

’aTways’""*  “  ’ 

always 

‘aTways 

always 

’always 

’aT^ys 

’always 

aTwa^  . 

’always 

’always 

‘always 

’alw’ays 

alwaj^ 

’always  . 

iSFway’s 

’always 

alw’ays  . . 

aTJvays 

always 

always*  “ 
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Update  Type 

Update  Condition 

Transferable/Acceptable 

Updateable/Ref  lectable 

Periodic 

Every  cycle 

TA 

- 

UR 

Periodrc 

Pvery  cycTe 

UR 

- - 

TA"  . . . 

UR 

'Sfa'fi’c’*' 

TA  . .  "■ 

UR 

Btafic 

TA 

UR 

CondTtronaT 

Tf  cfianged 

TA  . 

UR 

'CofidTtronal 

If  changed 

TA 

UR 

Static . . 

N . 

UR 

■C’dndTtronaT 

Tf  changed 

N 

UR 

CdfidTtionaT 

If  changed 

TA 

UR 

‘CdndTtFdnaT 

If  changed 

TA 

UR 

CdndTtidnaT 

Tfchahged 

N 

UR 

CdndTtronaT 

If  change 

N'-‘- . , 

UR 

ConditfonaT 

If  changed 

N . 

UR 

‘CdnditrdnaT 

Tfchahged 

N  . 

UR 

CondltiofiaT 

Tfchahged 

TA 

UR 

PeriddFc 

'Every  Cycle 

N 

UR 

Periodic 

Every  cycle 

TA 

OR 

Perlddi'c 

'Every  CycTe 

TA  ' 

UR 

Perlddrc - - - 

Every  CycTe 

■TA  . 

UR 

Static 

TA' 

UR 

Statfc 

'TA  . . 

UR 

Perlddrc 

'Every  Cycle 

‘TA 

UR 

PeriddFc 

Every  Cycle 

TA 

UR 

-  - - 

TA  ■  ■ 

UR 

StafFc 

TA 

UR 

'CdndTtFdnaT 

If  changed 

TA 

‘UR 

PeriddFc 

Every  Cycle 

TA 

UR 

Static 

N  . .  i 

'UR 

'CdridTtid'naT 

Upon  change 

N . 

UR 

'CdndTtidnaT 

Upon  change 

N  ' 

‘CdndTtrdnaT 

Upon  change 

M . 

UR’ 

StatFc 

N 

UR 

Cd“ndTfidnaT 

Upon  change 

'n . 

UR 

CdndTtFdnaT 

“Updih  change 

In  ■ 

UR 

’CdndTtFdnaT 

Upon  change 

-w . 

UR- 

Static" — - - - 

N  .  . 

UR 

CdndTtFdnaT 

:  Upon  change 

. 

. . . 

UR- 

CdndTtidnaT 

Upon  change 

‘Static 

"N .  . 

UR"  . . 

CdndTtFdnaT 

Upon  change 

*N  ■  , . 

UR 

CdndTtidnaT 

Upon  change 

N 

UR- 

Static 

. 

UR"  ■ 

CdndTtFdn'aT 

Upon  change 

N 

UR 

CdndTtrdnaT 

Upon  change 

N 

UR" 

'Cd’ndTtFdnaT 

If  changed 

'N'‘ . . . 

UR 
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Object/Interaction 

Attribute/Parameter 

Datatype 

HeartChambers 

EfTiciencyofContraction 

float 

p02Tri 

double  j 

•pasoiH - 1 

double 

pcrasTn - : 

double  1 

pcra20uf - ' 

doubTe  I 

Me3u1laVasomdt^^^  . 

s^ius 

string  | 

actTvTty'S'iaTe 

string 

BP'MonTforTr^ues - - 

string 

MedullaCarciro'Reg 

status 

string 

aclMty'Slafe 

stmig 

HPRearTSysTOriitor 

stnng 

M^ullalRespTrReg 

status 

string 

actmiyBtafe 

any 

ThsplratoryCenfer 

CycleTTme 

float 

Expi'raBryC’enler 

CycleTTme - 

fToat 

MeauTCa2Recpf 

Location 

string 

BMus**  - -  - - 

string 

pC02 

float 

B6<3yEnvTr6nT(/lalrTx 

HxtemalTerTip 

fToat 

AirPressure 

'float 

Altitude 

float 

LdcationData 

fliimicirfy 

fToat 

AirCbniponents 

'A’irCoristTtuentPercent 

H6d>OTectors 

string 

alrMixtufe 

per02 

float 

perN2 

float 

perC’02 

float 

altitude 

fToat 

P’dtLeveTdfTnJury 

GenefTcIrijuryLeveirnfo 

TmrriediacyofEffecf 

TrnmediacydfPfrectData 

TargetBy¥tem 

string 

Tdenti^Protile 

TderitltyProfileData 

IdcatidriXT’ 

XyCbdrData 

s'molceGasMixture 

■perC02 

float 

per02  ] 

float 

perCO 

fToat 

pefOtFierlnert 

fToat 

TnderilTtyPrdfire 

fderitityPrdfileDafa 

’TargefSysfern" - 

string 

PdtLeveTdflhjury 

GedencTnjufyLeveltnfo 

TmrnediacydfEffect 

ImmediacydfEffectData 

TocaTP'arlTcTeG'lusterCH^^ 

SizeofParfacles 

fToa*! 

TmmediacydfEFrecf''“ 

FmrnediacyofPffectDa’ta 

PdOveTdfTnJury 

GeFencInfuryL'eveirnfo" 

Cardinality 
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Object/Interaction 

Attribute/Parameter 

TargetSystem  ts 

locaTCfiefrircalVaporCToud 

Concentration  tt 

TderitityPrafile  |T 

Trtii^ediacydfFffec^  d 

TargetSystem  js 

TollleveTofThjury  '( 

gas 

TmmediacyofHffect'  :T 

PotUeveTofThjury  ft 

TdentTtyProfile  |I 

volafileCHemTcalVa 

Taf^getSysfem  -s 

i";r6cali6nX7 - 5 

d 

’CroudDTameter  t 

Concefitratrori  i  jl 

Alfilude  d 

rdcatiohlL  I 

TmmediacyoiFifed*  *1 

PotUeveTofTnjury  t 

TargetSystem  ;5 

Tdenti^Profile  :1 

'Speed  i? 

DirectiohofMotfoh  i) 

- - 

"’SmtOS""" .  ”1 

- 

AmtC'02  1 

- 

■“Arn'fCO  . . .  ' 

partlcfeCTCistefCToud 

LocatfonXY  > 

Locatfohir  ;l 

PartlcFeSTzeGrdups  |1 

'■Alfitude  |1 

raenti^Profile - |l 

TargetSysteiti  i 

PotleveTofThjury'  li 

TmmedracyofEffect  :1 

Speed  ;i 

DifectidndfMdtTdh  ]] 

MetTiacTioTine 

Dosage  i 

FdtleveTofTnjury  1 

TmrnediacydEffect'  1 

TderilTtyPrdfile  1 

TargMSystem 

T^IButeroT 

Dosage  |i 

Tmrnedi'acydfHirrecP  j1 

TargetSystem  ;j 

Identity  Profile  jl 

PdltTevelofrhjury 

Federate 

FederateHos^t 

Datatype 
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Object/interaction 


Attribute/Parameter 


ReraxTrahsA 


ReTaxTransB 


ConfractTransA 


CbWactTransB 


ConfractD’iapnragm 


ConffactrnternairnWco 


ConffactBcfernalTntercostaT 


ConfracfABboiTiTnafs 
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Object/Interaction 

Attribute/Parameter 

Datatype 

Cardinality 

TracActlS - 

Turnon 

string 

1 

Leveldflrnfant 

string 

i . 

laryAcffS - 

TurnOii' - -  ' 

string 

1 

Leverdflfn][ant' 

string 

T  . . . 

B'ronAcfIS 

TurnOn 

string 

1 

reverdflmfant 

string 

1 

AvelAcffS - - - 

TuffiOn 

string 

1 

Leveloflmfanl 

string 

1 

AcfmTnATb'ut 

Dosage 

double 

1 

ImmediacyofElfect* 

TffimediacydfEfTectData 

1 

TargetSysfem 

string 

1  . 

PolUeveToWhjury 

'GenericirijufyllevelTrifo 

1+ 

BentTfyProfile 

TderilTtyProfiTeData 

1 . 

S’m^eSfrearriStrm 

Durafidn 

float 

1 

pefC‘02’ 

float 

1 

- 

float 

1 

’perCD' — - - - 

'float 

TdenlltyPfofile 

TdehtityPrbfileData 

rareverofrnjuiy' - - - - 

GeriericrrijuryLevelTrifo 

1 

perOIFierinefif 

float 

1 . 

'TafgetSystem 

string 

1 . 

ImfnediacydfEffecf 

Tm'medial5y6fEffectDafe 

Va^rC'louQBlTm 

Dufafidn 

'float 

1 

Cdncerilfrafrdn 

float 

1 

_ _ _  -- 

TmmediacydfEffecr 

TmmediacyofEfrectData 

1 

TafgelSysfem 

string 

1 

PoOveTdfThJury 

'Geriericlrijufylleveirrifo* 

1 

TdentTtyPfofile 

TderitT^^PrbfileData 

1 

MdrioxideStim  ] 

Amount 

float 

1 

. 

Durafidri 

float 

TmmediacyoEffecf 

TmmediacydfEfTecfData 

1 

TdentTtyPfofile 

TderitrtyPtbfileDil^  “  | 

PdtleveTdfTnjufy 

GenericirijufyllevelTrifo 

TargetB'ysfem 

stririg 

1 

PartHeCTdudStiirn  ' 

B'lzeO'fPafdcres 

float 

1 

Duration 

float 

IIZIlIIl...,* _ 

. 

TmmediacyofHfTecf 

TmriiediacyofPffectD'ata 

PdtUeveTdfThjuiy 

GeriericlrijufyLevelTrifo 

TdentTtyPfdfiTe 

TdefitTtyPfofileDa’ta 

*T  . 

TargetSysterfi 

stfTrig 

1 

Adi^nMeffia 

Dosage 

dbubTe 

Tmrfiedia'cydfEfrecf 

TmfriediacydfEFfectDa’t^^ 

'PdfLeveTdfTnIuiy 

Genericlrij'ufyCevelTriTo 

*T+ ** 

TdentityProfiTe 

TdefitityPfoTireD’ata 

1 

TargetSysfem 

string 

:t“’ 

- 

ATeftSevefify 

sfnrig  " 
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Object/Interaction 

Attribute/Parameter 

Datatype 

Cardinality 

AiertText 

string 

1 

AleftlD — . . . 

string 

1 

ServiceLog  Argiime  hts 

Hindfel - ' 

string 

1 

HandfeS""  - - 

string 

1 

HandreSel - - 

string 

1 . 

OBjecADbrCdunf - 

string 

^  . . 

TagOHIaBelOTI^ame - - 

string 

1 

Tirne 

sfririg 

1 

Eriurneratfon 

strmg 

1 

- 

BdoTean - - 

string 

OBjec^InformaO^^ 

ObjecffD" . . . . . 

strmg 

1 . 

UockedAlfnb'ufes 

string 

f .  . . . . 

ReglsferedCiass 

string 

RepresehTedClass 

String 

|||||||^^ 

PuTfllsfiingCTas^^ - 

"OBjecfClass 

sTrlng 

InteracUonCTass 

sfrlng 

1 

SiiBscrib'ingCTass 

CBjecfCTass 

strmg 

1 

TnferacildnCTass 

sfrmg 

f 

Serniining -  ' 

[Fe“dRepdrfPenod 

Sfrlng 

iTTmeReportPeriod 

string  ““““ 

1 

string 

f 

string 

MotnfyAffribTiteSfat^^^^ 

OljjecflD  - 

string 

i . 

•AHnBuiiSBD" - 

string 

.1  : .  _ _ .. 

TdRenSfafe 

sfruig 

DoResignTederafl^^^^ 

ReslgnAcffon 

strmg 

1 

DoDelefeOlifecf - 

'OBjecflD 

sfrlng 

T " 

TTfne 

sfririg 

1 

iTag"  . 

1 

f 

DoSe'fLooTcaHead 

’LoolcaHead 

string  .  1 

DoS'etTrmeC'onstramecI 

State 

sfririg 

„  .  . 

1 

Control 

SetServIceUd’gging 

i 

’SefCbgFIle" - 

sfririg 

1 

DeleteOBjecf 

sfririg 

^DequeueFIFD 

sfrmg 
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Units 

Resolution 

Accuracy 

Accuracy  Condition 

I  - 

perfect 

always 

perfect 

always 

perfect 

aTways 

perfect 

'always 

perfect 

always 

perfect 

'aTways 

perfect 

always 

perfect 

'always 

fwrt'ect 

always 

perfect 

always 

perfect 

always 

perfect 

'always 

perfect’ 

'always 

perfect 

i^ways 

perfect 

always 

perfect 

'always 

pe’rfect 

'always 

peHect 

always 

peifect 

'always 

peifeH 

'always 

perfecf 

'always 

perfect 

always 

peife^ 

'always 

perfect 

'always 

always 

'perfect 

always 

perfect 

'always 

Iperfect  . . . i 

always 

peifect 

‘always 

perfect 

'always  “ 

perfect 

'always 

perfect 

'always 

peifect 

'always 

perfect 

'aTways 

perfect 

'always  . 

i 


\ 
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Complex  Datatype  Table 


Complex 

Datatype 

Field 

Name 

Datatype 

Cardinality 

Units 

Resolution 

Accuracy 

Accuracy 

Condition 

LocationXY 

X 

Toat 

1 

m 

Integer  vald 

perfect  " 

always 

Y  . . . 

•floar - 

. 

m 

int^er  valu 

perfe’ct 

‘always 

AirConstifu 

'COpe—'^ 

]floar - 

1 

percentage 

fnleger  valii 

peiTect 

always 

entPercent 

Argbhper 

•ffoar - 

per’oenfage 

integer  vaTu 

perfect 

’always 

•aspef""" . 

*flbaf . 

— 

’percentage 

integer  vaTu 

perfect’ 

‘always 

copper . 

■froaf - 

— 

jSercefifage 

integer  valu 

perfect 

arways 

N2pef - 

•ffoar - - 

percentage 

mfeger  vaTu 

perfect 

always 

ParbcreSif 

•ffriiairSize" 

Boolean 

i 

WK 

N/A 

perfect 

always 

eGroupLIst 

'MeaiiimSTf 

bbbfean 

'‘H . 

WK 

N/A 

perfect 

aFways 

LargeS'lze"* 

bboTeari' 

WA 

WK 

perfect 

’always 

Locatlohir 

latRilde . 

T'afLong’Cb 

'1 . . 

N/A 

WA  “ 

N/A 

WA 

Data 

Longitude 

LatIbngCb 

T - - 

WA 

N7A 

•Rf/A' 

N/A 

lafCohgCo* 

degrees 

^dbuBTe . **1 

T - - 1 

WA 

iWK  i 

'perfect 

always 

ord  Format 

mlnufes 

bbuble - 1 

WA 

N7A 

perfect 

’always 

XyCobrUat 

X  I 

Ifloat - i 

km 

‘biindrediFisi 

'perfect 

1  always 

a 

■y . . 

ffoat 

km 

Buridredt^ 

perfect 

‘always 

TbentTfy’Prbf 

B‘fonc?iibw 

Boolean 

WA'  ■" 

.WA  "  ' 

peifect 

always 

lleData 

BrbncfiioDii 

boolean 

perfect 

■’always 

AvefoiTnfla*' 

boolean 

WAT 

N/A 

■peifecr 

’always 

ModifyArrP' 

boolean 

1 - 

’perfect 

’afway’s 

MbdifyAmb' 

boolean 

T . . 

perfect 

always 

ModifyAmb 

bdblean 

^  I 

perfect 

’always 

BTndPPM"" 

■bbblean 

jN/A 

WA 

perfect 

’always 

(GenencCnju 

Level 

any 

M  1 

■peffecl 

always 

ryLevelInfo 

PotentralnJ 

InJufyLevel 

i 

WA 

N/A 

WA 

'1SI7A 
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Class 

Component 

Component 

Larynx 

Epiglottis 

‘CafdTovascularSys'fem 

ReaftVaTves 

fleart 

'HeaftChambers 

HeaftVaTves 

Heart’Chanfibefs 

CardFovascuTarDuctworR 

HeaftTissue 

RespIraiforySystem 

TboracTcCavT(y 

'RespFra’fdfyDuclEwork 

LungCdncfucfihgZone 

LungRespTratdryZone 

i- . .1— i...........  . 

Lungs 

[LiingRisp^^ 

[LungConducbrigZbne 

iLungTissue 

UungTissile 

RleurarCavify 

1 

RespFraFdryMuscIes 

: 

smoReGasMMure 

.  ■ 

CDZ . . . 

t . .  . . . .  t 

1 

oz . . 
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Associations  Table 


Class 

Association 

Class 

AortJCO^Kecpt 

MemberPartnerA 

VagusNV  (Transmit  info  trom  s 

Carot02Recpt 

MemBer^PaflnerB 

‘GTdssopBary’ngeaTRV 

FAR'OXoRrOTcH  t 

MemBefParlnerC 

VagusW 

BTSKO'CaroWSTnus" . 

MemFerPartnerD 

GlossopharyngealNV 

lileaulPHRecpf - * 

AssocStructureA 

MedullaCardloReg 

BynipAbclomWc^^ 

Beivesi 

‘ABdo’mVTscArtL 

Sj^aifhelTcCariSTacT^ei^^ 

■Sen/es2 

Heart 

‘SympBrorichTaliSIV 

Ben/es3 

BrahchlalArt 

BympCafotidNV 

Berves4 

'CTommonCafdfidArtll 

SympEsoph'gNV 

BervesF 

EsophagusTTssue 

SympExdnacMV 

BervesB* 

ExfernaUlliacArtR 

'SympTntTIlTacNV' 

■Sen/es7 

InfernanilTacArfC 

SympR'enaTfqV - - 

‘Serves 

ReriaTArt* 

■Symf5BuBclavrariNV 

Setves9 

SuFclavianArtt 

AbdornirialNV 

SeiveslO 

Abd'o'mPanefArtC 

TSTossopBaTynpaTf^lV 

‘S’ervesll 

Heart 

Tnlercds©fNV - * 

'S’'erves12 

rnfefcosiaTArt 

Phrenicl^\/ 

S‘erves13 

Diapbragfri 

VagusRV 

Sen/es14 

TTeart 

PhrehicVelh 

DraTrisif 

DiapFfagrri 

AzygosViein 

Orams2 

E'sopFagusTTssue 

CoFonarT^eTnR 

DrarnsS . 

HeaftTrssue 

CoronaryVeinL 

'Drains^ 

H'eartTrssue 

ExterriaTfiracVeinR 

DraTnsB 

towerOmbTIssue 

External  IlliacVeiriU 

D'ra[ris6 

fLowernrribTTssue 

IHepatrcP'ortalVein 

Drains? 

lAbdomVisceraTlfssue 

I  ntemaniliacVeinE 

DraFnsS 

[TnHIITacVrscWPanetTissu'e 

TnterriallllTacVeinR 

Drafns‘9 

[intTIliacyrscFIPanetTTssue 

JugularVeinsL 

DrainsfO 

[HeadHecRSpineTTssue 

JugularVeinsR 

DrairisH 

iHeadNecR’Spi'neTIssue 

BubdaviariVeinL 

;Drarnsf2 

[UpperUmbTissu'e 

■Sub'cTavianVeiriR 

DraFnsTS 

jDppernfribTTssue 

tnfemrVenaCa'va 

Trans  poi^’l 

[H'epati’cPortalVeTn 

SuperiorVehaCava 

Transp6i^2 

jAzygosVerfi 

Lu  n^es^rafoiyZone 

[PuinibnaryR'tB 

[PulmonaryArteryL  2 

LungRespTfaforyZone 

PulmbnaryRt? 

•;  Pulmonary  ArteryR  2 

AffiaRigRf - - 

^PulmdnaryRff 

jTnfenorVenaCava 

TnfenorVeriaCava 

PormedByl 

jlnternaTIllTacVeml 

BrachiocephalicVeinL 

*FormedBy2 

FSubcravianVeinL 

Brachibcepban'cVeiriR 

FormedByS 

jSuBclaviariVeiriR 

VenfricTeRlghf 

*PijirndnaryR’t2 

|AirTaRlgh’t‘ 

PuIrnbhaiyTrunR 

PulmbnaryRtS 

iV'eritrTcTeR’Ighf 

PulmohaiyArteryll  2 

*PuIrF6naryRt4 

iFulmbnaryTrunR 

RuIrnonaryArteryR  2 

iPulmonaryRtS 

iP'urmbnaiyTruiiR 

PulmbnaryVeinsL  T 

PuTrhoharyRtS 

ttungC’onductin'gZbhe 

TOImonaryVeTnsR  2 

sPuTrhbnaivRtQ 

ituni^espiratot^bne 

AtrlaTefr . .  . 

'PulmonaryRtlO 

iPurmdnarTVeTnsL  2 
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Class 

Class 

Class 

ABcloriMsSiSHR - -  ' 

ABdomVTsceraTTssue 

Feairrissue 

Cdrdn'aryArt'eryL 

'CordriaryAReryR 

LurigTissue 

CommonCafofrclArtR 

ReadT^ecRSpineTTssue 

EsophageaFArt 

ExternaniliacArtL 

LowefLTfriBTTssue 

TnTernarfiraOTlR- -  ‘ 

rntTIITacViscRFanetTfssue 

Ki3’neyTTssue 

BubclavTanArtR 

DpperLTmBTTssue 

Abdominal 

'ABdomPanetARR 

TnlemaTnt'erc»stars 

'ExternalTntercostaTs 

SuperiorPTirenlcArt 

TntemaTnfercosfaFs 

'E)dii^nannTercostaTs 

tuh^issue 

PhrenicVeih 

RenalVem 

BracfiiocephalFcVeinR 

BraclilocephaircVeinL 

Su  peridrVehaCava 

^CororiaryVeTnR 

’CoronaiyVelnR' 

InternaTlllTacVeihR 

E)dernaT(iracVeTnR 

ExfemanilracVerrit 

JugularVeinsL 

JuguFarVeinsR 

_ _ _ 1 _ _ _ 
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Associations  Table 


Class 

Association 

Class 

AtriaLett 

PulmonaryRtl  1 

PulmonaryVeinsL  2 

VerifrlcTeleff 

F‘ulmdnaryRff2 

AtnaUef! 

‘Aorta 

FuTmdnaryRffS 

VeritrHerel 

FurmonaryTrunR' 

FulmonaryS’Cf 

CordnaiTVeTnR 

FulmonaryArferyE  2 

FuimdnaryS'C2 

F'urmonaiyTmnR 

Ful  monaryArfefyR  2 

FuTmonaryS'C'S 

FufmonaryTrirnR 

UungRespTfafoiyZbn^ 

Ful’morrarySC4 

FCilmonaiyArtefyL  2 

LungF’espTrafoiyZbn  . 

F‘ul’monaryS'C'5 

FulrnonaiyArlefyR  2 

FuimonaryVeTrisL  2 

Ful’monaryS’CB 

rudgR'&*’pira'f6fyZon’e 

FuTmoriaiyArt’eryR  2 

Fui’monarySC? 

EungRespirafo'iyZori'e 

Ao'rta 

FuTfnonaiyB’CS 

PurmonaryVeinst  2 

Aorta 

F’uimonarySC'S 

Ful’mdnalyAft'eryR  2 

•AofficSrch" -  - - 

'SystCrfcD’el'T 

‘Aorta 

DesceriarrigAo'rta 

■SystCrrcD’eT2 

Aorta 

AscendingAorfa 

SysfCrrcDel'3 

Aorta 

‘C'oronarVAriferyr 

■S‘ysf’CrfcDe[4 

AscendingAdrta 

‘C’or'oriaryArfeiyR 

’SystCFrcDeiS 

AscindTngAdr^ 

B'/acftiocephalicAri 

Syst'CrfcDelB 

‘AorticArch 

‘CommonCarofi'd’ArtE 

‘BystCFrcD'elZ 

AbrticArch 

‘S’uBclaviariArtt 

S'ysfCircD’eTS 

AorticArch 

’CbmmonCarofi'd'ArtR 

S‘ystCircDel9 

BrachiocepPfalFcArt 

SuBcIavla'nArtR 

'Syst'CrfcDeld'O 

B'rachiocephalicArt 

ABcfornPanefAflC 

S’ystCircD'ein 

D'escendihgAdrta 

"ASaofnFaifleWftR - 

’SystCrfcD‘eIf2 

D'escendFngAo'ria 

ABcIo’mVTscArtt 

S’vi’fCrfcDelfB 

D'escendingAd'rta 

ABaomVrscAHR- -  — | 

’SysTCrrcD‘ei’T‘4 

D‘escehaFngAo‘rta 

BrbncPiialArt 

'SysfCircDelTS 

D'escendih'gAo'rta 

HsopPiageaTArf 

SysfCrfcD’elTS 

D‘es'cehdi’ngAbrta 

TlIiacArtt: - ! 

’SysfCrfcD'elf? 

D‘escendFngA6rta 

TlliacArtR' . 

S'ystCrfcDelfS 

DescehdingAo'rta 

Tnter'cosf^Ad 

‘S'yii’CrfcD’erTiS’”* 

D'escendingAdrta 

ReriaTArf 

SysfCTfcDelS'O 

D'esce'ndih'gAdrta 

Sup’endrFh'rehTcAR' 

‘SysfCrfcDelST 

ITescehaingAdrta 

Tnfern'aTIllTacArtU 

SysfCrfcDeT2’2 

TliFacArflL 

Hxtem’allllTacArtl 

■S‘ystCrrcD’ei2’3 

TlliacArtr 

ExternaTlilTacArtR 

■Syst’CrrcneI‘24 

TIIFacArtR 

ThTemaniracArtR -  " 

**SystCrfcD’eI23 

TdiacArtR 

‘ABdolWisceraTTss'ue 

S'u'ppiTedl 

‘A*5aomVIscArtr . ’ 

ABdoiWIscefaTissue 

Suppired‘2 

rABdomVTscArtR 

Drapfifagm 

‘SuppiTedS’ 

‘Su‘perForPh'rehlcArt 

EsophagusTTssu 

’Supp!ied4 

Eso^'geaFArt' 

PeadT^ecRSpTneTTssu'e 

‘SupplTedST 

C’cmmonCardfidArtir 

ReadNeckS  piheTissue 

S'uppiTedB* 

’‘C'6‘mm6nC'ardti‘d‘ArtR’ 

ReartTTssue 

‘SuppTedT 

CoronaryArteryC  .  : 

KeartTTssue 

SupplTedfi 

‘CordnaryArferyR 

Ti^TlliacVI'scNParietTTssue 

Slippir^S 

IhtemanlFacArlR' 

TnlinraWiscNPanelTissOe 

tSuppITedlO' 

fThterrianiRacArll 
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Class 

Association 

Class 

Kidney  Tissue 

Supplied11 

RenalArt 

LowerEirribTTssue 

‘S’uppired’12’ 

ExternaiilliacArtE. 

llowerETmBTTssue 

"SupplTedlS' 

ExWnaniliacArlR 

UungTissue 

'S'uppITedf14' 

HroncfilalArf 

UppefLTfriBTTssue 

EilpplIedflS 

i 

s 

Z3  . 

CO 

DpperEIrriBTTssue 

Supplied16 

SubclavianArtL 

ExpiratofyCeriter 

Reaprocal 

ThspiratoryCenler 

Pneumotaxic/InlegratronCe^ 

'MonlForslSlTniegrafes 

K^eduIlaVasomoiorReg 

PneumoWxFc/IntegratroriCen^ 

ExpiratoryCenter 
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m 


Term 


eduiiaKeguiatoryuenier 


DrganTcnucfworR' 


Nei^’ousUuctwork 


RespiraBryDLlcfworR' 


CararovascularDuctw^^^ 


Organs 


e  Tunctionai  view  o 


m 


TrntaritSensbT 


TTssueGroups 


'Cavrfies 


Cfiamb’ers 


Valves . 

Rpiglbffis 


ni’mpebZones 


Fluman 


ArteryiriHocly 


VeininBody 


Pharynx 


Larynx 


Tracliea 


Bronchia 


BympAbdbl^scFIV 


BympEsbpRgRV 


SympCarotiaislV 


Bym'pSuBcIavlahlSIV 


BympThlllliacTJV 


ByrripExtTliracW 


SympRehaW 


BympBrbric’hiallNV 


SymlpathetTcCardTac^ 


AbdormhalFIV’ 


ThtercbstaTNV 


GlbssopHaryhgealfNV 


PhrehTclW 


VagusfW* 


S'pinalCoTumn 


NasalCavify 


ThofacTcCa^ 


PleurarCavi!y 


UpperXTmbTlssue 


ReadFiecRB^eTissue 


CoweiXTmbTIssue’’ 


Definition 


e  medulla  as  a  regulator  ofimportant  body  functions  involvin 


brganic’cbhbults'Th’fheBody^ 
heh/ous’system'TibeT’f^^^^ 
cohbuilEsTh’tHe’respiratb^^^ 
cohbuTfsThihe'cardibvas'c^^ 

Hoby  parts'^l'hatare'usuall^^^^^^ 
The‘pumpbf’the”bbay7lfBas^ 
majoForpn  of'respiratK^^^^ 
orgahTc'typ'sensorsTn*^^ 
sens6r‘fo'sehse‘pHorpD‘2*brpCD2TevelslrrffTe‘br66ao^^^^ 
sehsbr‘fo‘sehse‘pressure‘cHan'g"^^ 


Se‘hses”pfiysicarirmtahl7sucFasasl^^ 
BoaylTssue“arfahgMBy  groupslfna^fTfiMFc^^ 
Body  pablhvolvihgTspalTalTegTonOTcFnscorinecl^ 
Boay^paftregTbhThvoTvThg'bpeh'orsemi'^peh*^ 

Body  paft'nriimicihg  a"rhec‘h¥h^ 
uTijpaTreb  cal^iTege'Fa  paft’of  t^^^^ 


Sections  of'lhTbobylfiaraTe'parBfioneaTbflSfcuTatrohs'lhvolvin'g^ 
bverarehir§^1as“sbcrafeBv\^ 
cbnauTf'wBTcHcam^'BlooBTawa^ 

pTImary  a‘ftery“6T*tBe“boBy  from  S^hlctTalTother  a  is  Z8  cm  in 


condurfwBTcBcamesBlBoTtc^^^ 


BoBy  pH- common  opening  ofthe  respira^^ 
;goay’paH-ffiheTbihed’caHirege7?npliSrf6rmp7fBT*fhe’’upe^ 


:5od'y’*pH~  !he”whpipe^a‘tuburarpH’oT'tl^**  systenri~fo«6ws  tne \f 

■!ubularXrahXBrhg**pssagewayprHorfhe”fespa^ 
SympfhelTc“heive*pThgT6“!be*aBaom]naTvisceraraftery~~Tnvolvea 
SympfheXcn‘eivegoThg"fo'fh¥(^opapaT'aHe7y'~-‘lnvblved*Th‘vasoiBc^^ 
iSyWpfhetTc'he'iVepThg1[6"the<^?6MaHenes~rhv^ 
■SympfhetTc‘heivepThg1[b‘tl^“suBcla^aih‘aHery;“rnvdlv 
Symp*fhe'tTc*ne‘iVepThg‘folheTntemarniracTHenes-W 
Sylpafhe’lTcheive  wBicK’pesfolRF^ferhaniiracaHeriesr^ 
Symp'fh‘elIc'heivepThg‘fb1[ReRidhey’aHei7rThvorved‘lh‘vas 

SymptRelTcneive  wRicB'pesTolffieXuhg'Tls'sueBe^^  vasbrnbtBr 

nefveruhhThg’fb'fRe  Heart  ““sy^^  ” 

“neive’ennervaflhg’tHe’abaomTnallfiLiscle/XsS^ 

ReiVe'pTnglb’tRelhTeTcbsW’mCi^Te^im^^^  " 


helve’funning’tot^^^ 
nerve’mnhThgrtblRedip'Rragm-^ 
nerveTunmngTb'fRe  Heart*  ***** 

n*e*iv*es*‘a‘ss*bciat*ed*wrtR'fR‘e**pTnaiXolum‘nriTRe*feTep  * 

cSv*ity**betweeh‘‘1H‘e*’no*s][fTis***6f*tRe'nc^‘*and‘‘ffie**p^^^  ’  “"*^ 

(Cavity  *‘a'fea**bf*tRbTax**in*tR*‘e‘‘pBysirarRuman**BodyrL*u**ng*s’*sTtu*a 


p*fe*nlTa*i**p*aX*e**be'lwe*e*n*tR’e***p*arielSl*aHd*wsce*raf7aye^ 
Tissu*e*g*rbu**p**s*ei^ed'‘By**s*ubcIaviarrartenes^ 
Tis*sue'*p5iJp‘‘sertfed**By**c6*mifnonairo!ia‘a*r^^ 


Tis*s*u*e“grou'p‘*sertfed**by*e)rterriaf'i!Kacart  arid  ript 
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AbaomVTscefaTTssue 


KidneyTissue 

Re¥rtTissue  . 

EsopliiagusTrssu^ . 

LungTissue 

ResprfatoryK^uscTes''*'' 

ABaomThaT’”” . 

Hxt’emalTnlercostaTs*^ 

ThWnarnfercosfals'** . 

nrapfiragm . 

•C'0‘2'Sensof 

FHSensor'*** - - 

O^S’erisdr - 

ExtefnalTIlTacArtR - 

ExWrialTflTacArlU 


TntemaTiiracAftR 


TnlerrialllliacArt'C 

TIliacArtR'’ - 

WacOTU - 

’AbaornParletifi^L 
AbabmParrefAf^R 


Ab’admVTscAaE*’'" 

AbaomVrscArtR- - 

RenarArt* - 


EsbpbagealArl 


TnTeTcdstaTAifT 


BroncbialArt’ 


SupenbTP'firenTcArl' 


SubciavTariArtU 


CbmmdnCafdfiaArtL 


EubclavianAaR* 
CdmmdnCardfidAaR"* 
BrachlbdephalicAa' . 


‘CbT6riai7AriferyR’ 


CbrdnaryAriferyr 


RulmbnaryArteryR 


PuTmonaryArteryL 
PulmbnaryTrunk' 


LungCdnaucfingZbne 


LungRespTfafbryZone 


DescenairigAoria 


AscenaingAbrta 


AbrlicArch’ 


ThternanilTacVeinR 

InternanilTacVernU - 

ExtemaTiliacVeinR 


Definition 


issue  group  served  by  tne  internal  imac  arteries,  rigni  ana  len. 
|Tissue‘grbupserved’byAba6mViscArt7effana‘?]gbTr^e’*adad^ 
jTissue  gTbupsei^eaBy'lK^^  i 

. tMusHe’tlssue'grbuptfiaf7s'tWe‘heaa7*sefvea'by’tHe“cbrdndry^  *; 

. |T[ssudgrb^P®®^®^"^"y^  ~ 

. Tissue  group  served 'bylHe  brb'h^^ 

|'muscTedusea7nTribMng‘‘ana*e^^ 
lT(ssue’(muscle)‘ served'd^t'^e  Ab’abniinalTarretalTiHenes,' left 

. lMuscTe¥Tnvbrvea7nTn¥pTratrdn;elevafes'ffie’nbs7Belved¥]^^  i 

fMuscTellssde  group  afsb‘sen7ed'Bylbe*Tnferco?fa17C^  TFifsl 

MuscTelissue”seWed’by  ’tHe‘¥upen6r’Fbrenic‘'a^^  is  a  muscfe'b^^^ 

jCbemd'sensbrtdsense"C02’1evelsln7be5]o3a‘or^  . 

"'"'■tSensdrcrassfb‘aefermThe'‘pRdf’bT6ba‘‘oTdfce^^^^ 
tGeneraT’Hass‘bTsens6ft6“aeTermTi^“paararp^^^^ 
fTfildadefy  serves ‘tbengb^^ 

^jpj]s“al7ery“sefves*tb'eleff'^ 

Thls“a'derysen^‘es'*tfie'nghT  pelvis 
This  adery’ senses’ tfi’e  left  pelvis 
!!hlsTdtTie*cbmmbn7i!racMeiy‘rrgbTwBlcfi^ 

fhls’istfi'e  left  oomfndnTiiacafleiy^^  desc^ndiridabHa  a'rilie 

seiveslhe"dacR‘mUscles'ahd7b‘eli^ 

^supplies7fte  abdbmTnaTwall'ana’lReM  ^ 

seives^fie’left’ababmTnar’^sc^^ 

. 'aHefy'sefves"ab'aomTnif‘vrscerarngfirsiae;’Txcep' 

■S¥ives7He'kianey"fissue^^^ 

S’elveslKe'esbphapslissue'grbujS’’^^ 

““"sen/eslfteTnTeTcbstaTmuscleHTssu^^^ 

[’S'eves7ftelung71ssue  group, ‘‘ca 
se'ives7’be1dTapftragm"musclelissue*grM 
This  afteryls'lRethWBrancftWbnfte^barddrchT^ 
Thls’a’ft‘efy**Brahcftes“bffdflheadarc  aTchnf'ftanspbrfsBlbb^ 
IThls‘Branches’oftoTlhe‘BrachlocephalTc’aHeiy’ahdr!rihspbIs*5I66a7d^^ 
tThlsaftery“b7ahcftes7fbrn’'the’BracBibcephaftc‘aftery7ana‘*tr 
tftrst'vesser(a‘ftefy)ldB’rahcftTfbmlRe‘abaic’arcft7fl3rahcB'es"tb  form 
fhe'rlgftt'Branch'ofifieasce^^^ 
i[heTeft’Brah7ih‘’bf‘fh¥ascenaihg'adh[a7‘serves"tBe’Fed^ 
a'dery  which’BlfurcalesdfrbnBe’pulmbnary'FunklrnReTigTifaire 
jaHefy  whichBlfurcafesdfTbTlfie  pulmbHary’Fuhklhl^^ 
tishoft  artenaT'vesselX‘5Bm‘longywhTcR‘cbmes  ofl^Weriptvehftlcfebflh 

Bu1l<*ft5w“paa’‘ofaThvays7nb*’g  ^  . . . 

CdhcepfuaTpaH"bT‘the7esplfalbiy’syslem:‘a1natural‘paai'tB'h 
fheaescendmgBrancho'ffbf^  **  “ 

fheascenaihg'bram 

fhe’Bra’ncBlng  bf'lBeabrfa'pdslerlbrT^anaid'the'Teft'whicinorm 
DrarhstBeln'flTfiacWcf^Panen'isFueTlgBf’dRIeT'ahdjorh^^ 
it5r3)'ps’'tfi'e1nflftiac7iscRParietTissWTeftsrde7anSToins7w 
ll^rainFtftelbw’erTmFtlssue  grbup7IghrsTae7ahdljhi{eslvitFn^ 
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Object  Class  Definitions 


RenWeih 


PhrenicVeTn 


RepatrcPortaiVein 


AzygosVein 


‘JugiirafVeinsP 
■JugLirafVeirisL 
PulmoharyVelnsR* 


PuTfrionalyVeinsL 
CoronaryVeTnR*’" 

L . 

rcfi 

BAROCaroMSTnus 


MecTulPHRecpt 


•Carof02Recpt 


A6rficU2Recpl 


ReartVaTves 


AofticSemTLunarVaTve 


PuTmonaryS’emillun 


MifrWarve 


TncuspidvaTve 


VenCricleRTght 


Afnareft* 


AiiriaRTgfiT 


Definition 


Drains  the  lower  limb  tissue  group  Hen  siae. 

TfanspoH‘Vein.'7w!aj6r'c6’nMfreTurning’61o6<ffr6m’lfiea^^ 

TranspoH’VeTn7TeTn‘‘c6nauitlnB‘‘he‘afi’whichls76rrnea 

arams'llPie’kTdney  fissue'grouprPmpfieslhlolTTelnfenorTen  i 

Dfains”tlie'aiaoliragm"muscTe*lTssue  groupr'ei^tT^nTo^^ 
Drarns‘‘tlieAB'domVisceraTissuegr6up7emplTesTnf6*l[Re'Weri 
\  Drarns‘'tlPie  ¥sopKagus‘'Trssue‘ group^^  gr6ups7tWe  lu  nglTssuera 

TfanspoH’vern-?eturnsB]6oa*'{olliesupen6rTena“ca^ 
franspoH’veTn'-B'lhesupe^^^^ 

Drains 'tbeUpperOmBTissueXngHfsrdeyahT'jorhTwlf^ 
vei’n’araining  upper*nmB'‘tTssueXeff)17t761ns  wrtR'‘ffi 

'drarns‘Rea3RecR’SpTnelissue  group ‘‘‘(rlg^  vein  (ngTif) 

DrainsReadRecIcSpine’ijssul^^^^^ 
rrgbfpuTm'onai7*vems"{2)“canyTng*bT6oH7rom'thTlui^'*t^ 
Teft’*puTmonai7veins(2y’carryrng 
'franspoHT)ToodTrom‘heaftlissu 
][ransports~5r66*d7fomTCaH‘'trssue’’(left‘sTaeyi^^ 

The  pressure’sensorfor*]^^^^  . 

Th‘elpressLlre“sens67Torfhe*carolTdsiTO 
pHsens6fTn’{h’e“med‘uTfarsehseslh‘e^^^  fluid! 

ThFO‘2“sehWFhlHecarOT^ 

The ‘‘02“seh¥or  Th“the  aorfa 
Valves  fouhaih’fhe’plhysrcarh’u*^^^^ 
valvelh*pBysrcarhumah'Reaft‘’Befweeh'f^ 
varve1n‘fhe“pBysicarRufhahTreaH'^ 

Valvelh'fhe'pBysrcar‘humaFBeart‘‘Be^^ 
Valvelnlh¥pBysrcarhumah“BeaftTefweehafsbBef55eeh 
ChamBer‘-likelireas1nlhe’’h 
CharhBerTn’lhe  phys 
ChamBerTn’fhe'physTcarK^^ 


ChamBerTnl'h’e'physlcal^ 


bpenslo  leffio 
ie*p 
eff* 


MeTullaRespm^ 

ThspTratbi^Cenler  JAlypeo'f  fesprfafoly  ceh^^^^ 


Exj5i?atoryCenler  . ”l  A’fype  of  resplfafor^^  in  the  medulTa 

Pne‘umbtaxi’c/fntegratrohCeTA‘’type’bffesprfafory*cehferln‘'tRe’m^^^ 


MedurC02Recpf 


The'C‘0'2‘‘sen‘sbrTn*the*meduIla'‘receTve’com 
The*pKysiorogTcaT'systemTn'lHe‘B’uman‘‘Bbdy*^el^ThTh^^^^ 
PhysTologTcarsysfempertaThThgto'Breaffirhgllhb'o^geTiaFoh 
BiofogTraT  sensor  ■(cells]lh'fheXungREspTra^Z6ne*iy^Tch"sens 
BiologTcaTsensbTs’(ce[lsyin*fheRemarhThgBronchlaI^twork  which'1sense’*ffi 
BTdlbgTcaTsensors“‘(ceirs)‘in'fhe1afyhx‘‘whTcB’^h¥e1flTe  pf^ 
BT61bgrcaTsensorXcelijry‘'lh'Me‘Wche¥whTchrsensethe  presence'bflrr^^ 
ThelenvrfdhlfhentaTImatrrx^surrou’^^^ 

The’elhVrfonThentaTarr'sumound^^^  more  non46caTXnd'*^e?itran 
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Object  Class  Definitions 


Term 

Definition 

smokeC3as  M  ixture” 

The  mixture  of  gases  which  are  to  be  inhaled  by  the  human  and  which  form  the  gases 

A  smaH  cloud  of  parlTcTes  nearby  the  Body;  ihvoTved  In  rhferactidhs;  used  Th  locaf  fepre 

FocaTCTierrircalVapofCToud 

'Asrhall  cHeMcal  vapor  cloud  ITiafTs  nearby  the  Body,  and  is  used  in  inferactibns;  local 

gas 

“OnediTthe  states  of  nriaftef;  refers  to  stimuli  in  this  state;  stimuli  serves  to  evoke  body 

volatileCTiemTcalVaporOlou 

'Vapors  orvolatile  chenfircals  which  affect  the  respiratory  system.  Us^  for  rhbr^e  glbba 

02 

dxygehln  Ihd  stimulus 

- 

'carbon  dIo)dde  -  In  the  stlm^^ 

■CO’”" . . . 

Carbon  Monoxide  in  the  stimulus 

pad[lcTeCTusterCTdud 

"SThaTI  particles  found  Th  smoke  which  serve  as  Ifritahts  to  the  hurhah  fespifafbfy  sy^e 

MedicalDaigs 

Drug  sfirhuli  which  are  given  In  a  ihedlcal  cbhtext 

WTellulRecvSendCom^^^ 

^The  overall  rrledulla 

Meffiacfioline 

:  A  rfiedrcal  drug  which  causes  dilatidh  of  the  bronchial  passages 

AIBijlferol 

I A  drug  whicSi  ^uses  dohsthctloh  of  the  bronchial  tubes 

Manager 

[Mahager^assTdr  the  mahagemeht  object  model. 

Federafe 

Manager  subclass  for  federates  specific  mfomTafibh. 

Federation 

Manager  s“u5cTass  for  fedefattoh  specific  mfbfhriafibh. 
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Object  Interaction  Definitions 


Term 


antxpiraiory 


CeaseTnhale 

InfFa^ofilf^aximum . 

CfiarigeUycreTime 

DpehFpigTottis 

CloseEpigloftis - - 

ConsfnctBroncfiTofe^^ 

TrntanfBensed' . . 

TrfSensdrAcfivated' 


TissDTsfressTrahs 


TissueDisfress 


RSFoReVoTumeTricrTfa 


Reart'RateCdmman^^ 


RelaxTfansB 


ConfractTransA 


ConfractlransB 


Relax 


Cdnfracf 


ConfractDiapTiifagm 


Definition 


essage  to  start  the  expiratory  sequence 
I  Wben'ffie ’epTgT61is“cldsesrtfie 

]Tbel‘unp’ar'e'a*f’tbelr”maxr^^^  ’ 

|M6dlfy"tlfie‘Breaffimg"perTod*f6rTfVe‘r 

iMessage'fd  openlfieeplgldft^^^^  1  ^ 

IMessage’l'o  closelheTpfgrdftTsru^^^ 

|Tbe‘effectlve'dramefdr“df'fRe‘BrdhchlaTsdeing“redu6Sr3ueWl^^ 
IlnferactTonsupercfasswRose  subclasses  arW^ 
lOne'of’fheimfanrsensorsdas'been  aclTvafedTiy^^^ 


CdadgeAdefyDrameterCdmnnferactr^^^  cRarnefer  of  an  artery,  this  affects  the  flow  rate 


=sirtvwkvcniii¥=>:<t]im<[>iiig  1^1 


.  . . . . . ‘Tfansm1ftingdf*lde‘tissuedrsFesFsTgnal’’framldesyrfipI^ 

iThTsTnfefactrodThvolv^lheirsdue'gfdupsTiee^ 
DecreaseReartBtf61<W6ru‘m!'CdmmahdTddecreasFtReKeaHs‘f^^^^^ 

ThcfeaseHeaftS'froReVoTumtcommahdldcR^^^ 

R‘S*lr61<eVolijmeDecrTfahs'’T{rahsmission‘’ff6iFlTie(rar3ibT^‘cenler'ihl1i'e 

. .  ^fnessage’ffdmffiedunaldlsympathelTccardiacederv 

messageTfom  nefves'td'he^ 

ReaftRafeTfahs  ’  "ImessapTfomWedulTalospe^cheiv^sloTelayTfie^ 

CherhPHParasymTfa^^^^^ — |Message¥ansrnlff^  parasym  nerves  goTnglolhTfiead;  due  f 

CherhPHSympTfahs  fTfahsfh1ss]6h‘dfdaiaTr67n1Ke“^^ 

RefaxTransA  |message7fdm“Thsplrafdi7‘center*”td 

lTfdrismifted’‘messa^ff6nrexplraf6fy  cen 
^*rhes¥ap“ffdm  ihspRratbTylceh^ 

KfesdagFffdm'expiitoiy  ceniSTtd^^ 
a  m7essage’fo~fela)rfFieldusc^ 
a  message Hconfracnfiemuscl^^ 
fnessage’fd’cbhWcflRein^ 

'CdntfactrhTerhalThtefcostaTsf’message'fdcohtlfacIlRe  ihW  expiratory 

’CdntractExTerhalThtefcbstalTContracf’tHeTxterhanhWco^^  inspiratoiy'paft’dfdfe^^^ 

message’f6“a5dbrhli^nmuscres‘tdcdntfacl“^^^lfi^e1^^ 
a  message  tb'felaxfheabddmThaTlinusc^^^  breathing 

a  message^idfeTairfheMercostalThuscles*^ 

RelaxtTie'extemaTrhteicostarrdus^^^ 
a  message ■tdrelaxfhedlaphragm’'m^ 


CdntractAbdomlhals 


R’ela)^B‘dbrhihaTs* 


RelaxThWhanhfercdstais 


RelaxExWhanhfefcosfals 


RelaxDIai5Ii’ragm 


PafasyfhHeaiTOatelhcfeaselTfahs^^^  message  from  c^fdlo  feg  center  to  vagus  nerve  sayiirig  increase  ffie  h 


ThcreaseR’eaftRafe 


DecreaseReartRate 


PafasymFhcfeaseRate 


ThcfeaseRate  ‘ 


DecreaseRate” 
[DrateAFlery - - 


'’"’X^i^f^^dd'Wrhcfea^dtfieBeats'pe? 
■cbmmaddl5“heartT6“decrease”fh^ 
iTfansmlf  message  Wan  ihcfeaseTnlieaRralelRr^^ 
rhstfuctidnTor  n¥rve”fo7e!aytblhcrease‘lKd5eafs~^rlhinute^ 
rhsfruHtdn  W*helve“fdre!aylddecrease‘t^^^ 
TD'ecrease^arterydrarnefef^vasdm 


fConsfncfArteiy  -‘r-  lArterydlameferTs  decreasThg-vasbmoWTespon 


RefurnToNofmafpO^* 

16^2 - - - 

ThcreaseBP 

DecfeaseBF 

AveolarlrrltahTSensed*’*’’ 


~!The’pO*2“is’lIigdrelativeT61ts‘Tdfefly~f^^  as  measured'dy‘tfiea61^Tc~pO 

““padiarpfessu7e”df02’ldrowTs7nedWed'5^^^  in  eithef'ffie'aoHIc  Body  se^^ 

“  Messap'  fhaT  an  Increase  ThWood^^^  ’  “  ^ 

”  Messag¥tFaYa~decreas¥m7Ioodpress^^^^ 

Pfesense  of  amiritanTls  cdiT^^ 
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Object  Interaction  Definitions 


■Is 


roncnioieirritanibense 


Definition  _ _ 


presence  of  an  irritant  is  communicatea  ^ 

taryrixlrritant^^^  . Tpresen’ceofMirfifan^^  IZZZZ  j 

TfacTiealrntantSen^^^^^  jpresence’ofanlrrlfanfls  ^  _  _ ] 

TissDisfressTi’  ‘  irung‘tTssue‘3islress‘due’to1ow  o>yge^^  j 

TTssDTsfressg  . iHsophepartissue'dis!^^^^  . . .  | 

TTssDTsfressf . . . |Kianey¥ssue  group  cfisfr*^sTu^^^^^ 

TissDTstresse . . . tAbaomThaTviscerrtrssuegTo^^^  or'blgR'^rBbn’aiTO^^^^ 

TissDTsfressd'“ . fTissue'grouplhcTuaing  visTand'panetarseivea*‘By  fhe“int^^ 

TissDistressc‘‘“ . *  |Low'0'2  or1iigH‘00l2l^sFess^^^^ 

TfssDistressb*** . . . “iTissuFaisFess'caF-^ndfendugFoo^pnoTfoo'^^ 


Tissnistressa . tTheoxygen'In'ffiFupperFrriFlTssue'g^^^^ 

-•••-Tf^e^rrlifapjfggnsorrn'tlfieFacFiealsacfivafe^^ 

LaryActib  j  TheTm][antTens6rrnlTie  lal7i^1sacfiv^^^ 

BroriAcflST  fTheFroncRralrntanfsehsoris  acirofeci'F^^^^ 

AvefAcfl'S'”' - - iThFaveolaTlrntanfsensoniaFBeeiT'acf^^ 

I  - _ _ 

VaporCioudStim  “*7  A'foxic  va^r  cT6ud’is“ffie  FtirnuliTe^  ffie  15 

The  slTrfiWof ’rarBoiT  rfiohoxfde  in  gaseous'i^^^ 

Tn’fh‘e~pafificIecT6udFFmufirash“pai^^ 

AamThTster“tfi‘e  mearrardixiglT?^ 

The'lMianagennferacfidrrgFouprcdnfarns 
TheTtflanager::FeHefiife“inleraHidn’g?duFrconfalns^a 

_  ^ The1Manapf::’F5drerafe:lAIert  inferacfiona^^ 

Servicerdg*****'’  iThelWanagerTrFedferafeiTServTceCdg^ 

Th'e1tflanag¥r::’FedferafelTS‘erwcelIdgy:SerSnD^^^ 

THe1tflanap‘r::Fe9erafell'0Bjec{^^  is  sent'BpFe  RTIm 

TheT«anagTf::F‘eHeralel:FuB1islF^^ 

Theltflanager::  FedferatelTSuB^^  is  senf  Fy’iHe  RTI’i  riFespon 

YfielManagerriFedferaielTA^^^^  to  prefo’rfnirn  aclion*^^^^^ 

RequestPuBTicafTonTree '‘‘^TheTtflanagen-Fed^^^^^^ 

RequesfSuBscfrpfio'nTreeThe'IManapr:^^^^^^ 

SetTimTng . . . . |The‘lVlanap’r::F‘ed^erafenSetTimW 

RequesfObj'ecfrnfofmatidiThe'ltflana^^^^ 

ModfifyAttribufe^^^^  . •The1Managef::FedferateTfA’^^  allowsTederi^ 

Rembte‘S*ervicerhvocafionThe*1tflanager::F’eH^^^  oo 

DbResignFeHerafib^^  The1S/lanager::Feberafe::Ac{roiTi:!Refh6feServTcelnvocatioh::DoResTgnF 
DoDeTefeObjecf  The1tfl‘anager::F‘e’dferatel:AcfT6n'xRembfeS 

DoSefLobkabead - *The1«anaW--P‘ecferat‘e-^cfTon^ReiT^^^^^ 

DbSetTimeCon^^^^^^  Th¥1tflanagen:F’eHera{e:*iAcfTonl:Rem^ 

DbTumRegura'trd’n^^^^^ - *The1tflanapr::Feberate:TAcfiohl:^ 

DbTumReguTabbnOff - iTfielManagenFeberafellAcfibn^Re^^^^ 

CbnlroT — - - tThe'1tflanapr::FeberaiellAcfTon1T^ 


Tfac^ctTS 


ta^Acb'S' 
BronAcfFST 
AvefAcfl'S'”' 
AdrmnAFbut* 


SmdReslreamStim 


Va^TClou’dBtTm’ 


MonoxldeStTm 


PartHeCTou3Btrm 


AdminMetha 


Manager 


Federafe 


Afert* 

ServiceLog 

SeiviceLdgArgur^^^^ 


ObiTainfdnnafidn 


FublisHingCTass 


Siib'scribihgCrass 


'Acbdri 
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Class/Interaction  |  Term  _ ■  _  Definition 

ransmissionFactor  NiJmber  between  zero  and  one,  inclusive,  which  degrades  intormation  d 

Heart  HfeartRate”' beats' pefrriinBTe 

’'S'irbK'eVbliime  volum'e  of'br66cf*‘pu'mpe3'our'6fone  ventri^^^^ 

'Ca'rciracOuTpLir““**  volume'orBl'obJ'^pumpTer'B^^^  . 

PenpBeralR'esisWc'tofar'perip^^^^ 

FbfceO'fC*ontra'cWn‘''T6Tcewitb'w^^^^ 

B'loo'dFressufe  pr^sufe^of'tbe'BIbbcrr^^^  . 

[urigs - -  lungVofurne  rnfe'marvoTuTOofffiepbyS 

"ThTem'alUungP'ressur'air  pressureTrisidel'beTungsTcaff^^^ 
'0’veralIATfwayResisf“r^isfance'T6'aTifl’6wlnl^^^ 

TTdalVolume  “  v6Tume’'bf‘arflnh'are3‘'orexl^Ied*'durin 
Dead'AifS'pace  volu’m'eof'respiratbry'systefn'ln  wbicFp's 

PesprratbryRafe  "'.breatbs' per'mln^^^^  ““ 

lungCbrriplTance  IVoTume  chanp*‘per''unircRange^^^ 
ThspTratb1ryCa'paci1ty“iThTtTdaTvolumepruFffi'e'ihs 
WafCapacify"  Tbelum“brffielida’fV6rurneTrispr^^^^^ 

TbtalUungCapacI§?“'*|Tbesum''6T'tbe'lhspifaT^^ 
Ins'pTratbi7ReseT^TTbe“v6Tume'ofarfremainmg‘*aWex'pra 

FxpTraforyR'esetve^  Tbe"vbTumebf air  remamTng^afer’fbfce^  volum 

ResFduaT^dru'n^^^  "Wume'of  aTfremaTmn^aftefimosnor^  ml 

iTrntanfSensbT  Tbcatibn  TAnalomrcalToCTlTon’^^ 

rs®us - - — ^-iTFie  stafiFis'^tT' 0^  - - 

TfssueGroups - ’Me^abolicRafe  TBasaTme^BolTsfn'falerconsump^^  actives 

‘pC'0’2Waste  partial  pressumbfcarEionHfoidde’Tn'fi 

pO'^De^an'd*  .IhTpartiaT’pfessuTebTox^'en  need^^ 

‘PerTpfie7aiR'eslslanc“resTsWice‘‘td'*fRe'flb^6TBI66b‘*lKm“ibeTjs^^^^ 
'0‘2FxB'acflon‘CoefRcT*‘lbe“coeffiBienT6Tarffusrdn^^^^ 

Percent’Ca'r3iacObfp1TBlB**percenfagebf  tKe*fbtarcafd^^ 
pO'2'ofnssueGr^  "TBeTct'u'arpartTal'pres^Te'brbxyg’enb^ 
status  .  70PER'bfC'L0'SFD"arelBeWbstafeFt^^ 

'RembgTob'l'nBTndihgPPercentage  of  BemogloBI^  tBaf  cSTbe  Bound  with  02 ;  CO  wilTs 

[Age .  :*h'owbTdlhe'Human'lBody“rs 

[Weighf  I'ihe'weiprTnaTg'fiel^  ' 


■TfssueGroups’ 


Epiglottis 


Rurnari 


ArteryiriBody 


[VerniriBody**' 


[Tem'pefatufe 

jH’umariS'fate 

i’S'h’unl'Facto'r 

:'p02Th - 

FTowRate . 

DTamet'er’ 

’■pC’02lri““” . 

■pa2rh . 

•pCa^'In — 
FlowRafe”"' 
DTameter""”’ 
'FrowRate"*”"’ 
Dia'rfrefer*””’ 
p02'0ur’**’’’ 


TemperatuTe’’6rthe*Rum^^ 

SfaTeof  tReR*urnanT*bnry**BsTc‘sta’tes’fep7esehTed;’alive’’br^ 
Percen'tap‘bfbTood’*tRafTs’’ne^^^^^ 

■^partia!’’press‘u’febf‘o3q^^  ^  . 

■rat’e“6rfrow  . .  . 

diameter  of  arte’i7 

•partiaT'’pressure‘bTcarBon*dr6idde‘Th‘l^^^ 

“7partfaT‘pfe'ssufe‘*bf^  ‘ 

jpartiaT'piressure’bf  carBbiT  dibidde’Thtb^ 
jlldwrate'of’BIbbJffi^  "  " 

I’diamet’ef'bfaorta’  '  '  * 

‘|flbWat'e’‘oT‘Blbbdrrnlie^ 

1diarh'efer“bfv'ern  ’’  ” 

"TjDartTarpressurebTbScv^enTn’lfRe  veTh**^carne31buf*andd^^  ff 
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Attribute/Parameter  Lexicons 


Class/Interaction 


Fh’arynx 

Larynx 

Tfaclfiea" 


I  partial  pressure  of  card 


Definition 


n  dioxide  in  tne  vein  - 


eing  carried  out 


Bronclila . . 

SpinarCoTumn 
Nasal‘CavFfy““ 

Thora’cTcCavFfy 

PleufarCavi'fy 

Ab“d6mTnal  . 

ExternalThWcosliaTs' 


TnTernMnfercosfaTs 

DTapTiragfri'*”" 

L’ungUonducl[rngZ6n‘ 

lungRespTraB'ryZon' 


iDTarhefer  lElTectTve’DTameter  offfie  ph¥ryn^^ 

tDiameter - |Th’eefFectlvedTamefe^^^ 

tD'lameter . .  |Tfi¥efFec{(vTdTameleronKe  windpipe 

lUiamefer  TEffectTveBiametefforganlcconM^ 

"■C'erebr6?pTna1FruidP‘|p^  . .  ] 

I  Rasa^C'avlly  VoTu  me'IVol’u  rne’’^^ 

fFiowRaie’* . .  I'FSieof  airTlowlifi*'^^ 

iTfioracrcCavifyVolu’IVolumeorfheWfacircavrfynt^^ 

TPTeuraTCavityVdIumSpH'ysicar  pleuraFcavlty 

It^niracfidnLeve^  ipercenfap^ofl™ 

“ConFalclTonLevel  IPercentageofcont^^^ 

jCdhWclTdhl'evel  rperce’nfage'ofmaxTm 

TConiraclTonLevei  jPercenTap’ of  niaxTm 

TATfwayResis][ance"““TresisEnceTd'tHe*fIow^^ 
tpOZsSTeBTdod*  tpaft1aTpressureTfU2Tirfhe'^used‘' 


CdhWclTdhl’eveT* 
’  UontraclTonLevei’** 
*  'ATfwayResisfance' 
rpO^seeBrood******** 
pCUSsfareHlodd**'' 
pO‘2TnspireclAif 

CO’2DTfrCoeff - 

‘a2tyiffC6efr - 

pa2auF - - 

pC'OZOuf - 

DMiriveree 


passages  whTch'B^ecrea^ 


‘TpartTaTpressnreof'carbon'didiodeTrniTei^^^^ 
“ffSalHraTlpressufe  ofoi^^^nln’fRe^ 

"’I  paft[arpressure“df  caf66iTdfr6>«de  in 
"Tdlffusion  cdefRcTenTorSTbdn"di6xide^ 

“piffusionTioefnaenra 
“IpsfrtTaTpessure"^ 

~TD‘iffusl61FresTsfance*offfie*aveT6TSfiifl 


[Memb7aneSijffaceAfrEffecfivFsui^ace¥reaoTW^^^^ 
[MemUfaneThlcl<nes^Thlcl<ness'df’fRe  respfa^^^ 
[AveolarWntiTafionP'i^'Goda^measufebTalrflowWumF^rninufelTs 


BARDAoHicArclfi 


BAPaCarotidSTnus 


MedulPRRecpf 


■CaT6f02Recpf 


Aoftic'OZRecpf . 


ReartVaTves 

Reaft'CfiamFers 


iLoc^’tron”  ” 

[Btafus  .  I 

[BPCfiiange  1 

iDlrecfidnBPCbangel 
L*oca¥6n 


:SWus““' 

[BPCRange - 

[DirecfidriBPCfiaW* 


Locatlori 


WC'ereBroBpinaiFiul 

EiaTus 

LocatFon 

pU2 . .  **”■ 

STafus  . 

LocatFon  ' 

pU2 - - 

Eiafus - 

•••  posFfion 

... 

Efficiency  ofConfractF 


PRysTcalTdcafion  of  sensor 

-DN’*or''aFF" - - 

'C'Range'in’BTdod’pressure . 

•"lN'CREASE”*or"DECPEASE’’ 
PhysTcaTTdca’fion'bT'^ens^^^^^ 

•*'OR**or‘''OrF" - 

‘C’hangeln’fhe’BT6od’pressur¥^tR 
■*lNCREABE"orWCREABE‘'  “* 

PRyslcaTTdca'fion  oTsenso^^^ 
Tfie~pH*offhe7ere5r6sprna 

■^OFI"or"OFF" - - 

PRysTcaTTorafion  of  sensor 
TRe“paRiaTlpressure‘of‘D2‘i  ' 

•^ON'or^aFF" - 

PRysicaTToca'tion  oTsen^  . 

TRe~partiaTpfessure’’6^ 

'^'OR-'oT'^OFF" - - - 

aPERorCIOBED* - - 

V6rurneoT‘tRe7e¥rrcfia^fn5er 
ITdwlBfficTennBe’confracR^^  ”” 
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Class/Interaction 


Definition 


g  this' cMmbeffsKouTd'Be 


MecfuiraVasomotorK 

eg 

MeaullaUardroReg . 


MedullaRespIrlReg" 

ThsplratoiyCehTef'"' 

HxpiratoryCerifef""' 

MeMCUlViecpr^ 


airMixture 


:  status 

aclTvTty'S'ia’fe . 

’BP’K^bnifoiTissues*”' 
‘Vsfalus 
‘acffvi^S’tafe 
^BFR^rtBysMbriifor 
“  status 
aclTvTtySta'te 

"UycTeTirhe - 

Ibca’tron 

’B’®us - 

’pC02 - 

ArfPressure“'“’“*"*'“'”’ 

MtucTe - 

rbcaflonDa^'  “ 
Humidify 
AirCon^nents 
HodyAWecfors 

-•pefOl^ - - 

perN2 - - 

pefCO‘2' - 

aftifude 

F6tIeveTofThjury“'' 

TmmediacyofEff^^^ 

TaripfSysfern 

TdenlTtyPrbfile - 

Locafi6nX7 


inlh’e  cof  e  as“dppdsed"to ‘th 


be  actively  sending  out’niess 


but  messag 


senior  as  mesured’'by~tfie 


ionln  wfiTc]fi”tlfie 'body  is  locate 


smo'kelSaWxfure^ 


iperCiy - - - 

['perOfFrerTnert . 

TndeMtyP'fofile 
Taript'Sysfern 
TdtUeveTbffnjury 
"Tffi’mediacyofHffect' 
Tbc^lPaftlcfeCTustefC'STze^^^ 
loud  ‘TmmediacyofEffecf 

TotUeveTdfrnjury*-'^ 
TOenlT^Profife  — 

TargefBystern** - 

T6caTCFemralVai^T‘:‘C'bn^^^^ 


ITdwTa“sTac^^^^^^^^^ 

P'otentlardegree ‘of'fiarm  to  the  receipfortFre''stl™ 
List'bf  ch’aracteristics’*6rtfie'^  . 


S'tfengtfidfme  chemi 


Class/Interaction 


ismmM 


Trnrfie^ia'cyofEffecr" 

TargetSystem 

PolEeveToWfijury'”””' 

gas  . IrnmedTacyofEff^^ 

TotUeveToTIhjury 

TdentItyPr6fire“ . . 

TargetSysfem’'*’’* . 

volafireE^WemTcalVa  " 

orCloud  •CrouaDTanfieW - 

Cbnceritration 

Airae - - 

Ibcatiohrr 

TmmearacyofEffecr’ 

PolUeveTofrhjury 

TargetSysfern* 

TdentItyPrbWe 

Speeiil  ’ 


DirectibnoMolTdn^^^^ 

- - 

-  -ArnTCU^ - - 

“CD**  .  ArfitCU*  . . . 

partrcfeCTusterCToud’  loca'tronXY 
'LocaEoriEL 
FartTcTeSIzeGrbu^'* 
AllTtucfe*’ 
TcferitifyPrbTire 
TargetSysferfi 
■PoOveToWnjury 
ImmediacyofEffecr' 
"Speed 

‘DifecllonoTMolTdri”'’* 

MetTiacTibline* . . Dosage 

TdOveTbfThjury 

'TmfnediacybfHifecr 

'TdentTfyPrbfile 

TargetSysfem 

AIBut'erbf'  . . . Dosage . 

'TmmediacyblEffecr 

[TargetSysfem 

^TdenlT^ProWe - 

.;v  'PoOveTdiTnjury 


Fed’erafe" 


TPederateHfbs! — 
iFeaeraieHaridlF 
[FedwafeSiiiF--'** 
[FederalteNarr^^ 
iRTlversibin - 


Definition 


The  cnaracterisucs  or  tne  siimuii 

'‘|How1quTcErylfie'strmuirfias^^^^  .  ~ 

"TfiephysToTogTcarsystem  upon*'^ 

"  PbTenTalTegree  of  fiarm  wTiicbWe 

■•^fl’owquFckly  fh’esf^^ 

■’  Tbe'potenliarbegfee’bfHafm  wblcFtife'slT™ 

... 

••  pRysTcSTTdrafibnbTlbe'cb'emKSTVa^crduJgrvenl 

■  DistanceTcrbssllieToug^^  . 

■"  I’eveTofcTiemTcar  vapor  c]ou 
Heipf  above  sea1everbffbecen‘ler**6Tffie  cloud 
...  Y|:jgjQ^'^QPQ]p](I^Q](Qx]gya^P“5youd‘^enH 

"'  HowqulcTdy^ffi'e^^^  ^  I ZZ  77*  '.  "Z 

Tbe  pliyst6T6g1carsyslem**wfilcfilslhTfarpl“6fffi 

‘‘ GhafactenslTcs  oflK^^  **  "*  . . 

“'The"magn7tiJdebT‘lhTveldcify~wilb'WiIcblfie“strm 

’7AmoufTt"6r63^gen"in^  measured  asnaTpeTceniagebf'a^s^^ 

'lAmbunrdf'^fbbnbioxTde'iiTlRe'strmulusrmea 

^tAmounfoTcifBon'mdhblddelnlifes^^ 

”■  IoiraMn“6r(lie^bferndrtlT^  doud  in  x  VoobrdTnates 
"■  IbcaEonbfTfie’cehTefbfWpHicfeiafoudr^^ 

“ThTpidrcle^Tze  groups  f6und'’in“iR^  ^ 

“‘Tbe“hergli7~abbve‘sealeveT6f*tfierougRlyspTierI^^ 

’th“e~cWrac!enslIcs  of 

'‘*Tbe“pliysr6f6gicarsyslem'^lcR'irthTrecrpienf*b^ 
PbfenbalTegree~6fbarm"thaf‘iHe*slImulTT^"upbnfd^^ 
“VRdwqurcEry“tbe~strmulFlTas^^  ‘ 

'■‘Tbe^magmtubeoftbFveldcif^vecWbrflielitr™ 
TfieTec!6r7epfesen1SfibnbfWdrfecHdn  ifTwhlcfilbe's^^ 

”■  Amounf  ” 

■"  PbfenllaTTe7erbfTiarmrmayT>e“mulTtpie“fewrs'dep^^^^^ 

‘■TR6wTasTactrng7be‘stTm  “  **  . . 

...  ■Yfiiridentff/ of 'ifie  stimuir^^^  ' 

TheTecTpelnTbbdy  sysfemTof 
” ’Arnounf 

■’':R6w*fastlfctrng7besfTrnulu^^^^ 

. Reclpient’body  sysfem'bf'tbestT^^^^ 

Tbeldenbiy  of  tb'e  stimuTus“vTs-a-^^^^^  . 

Pbfen7Ta1TeverbfbFrm’tfiaf  c6uld"begenera!ed'By  a'sfii^^^ 

The  sfnng7epre¥en® ibnTof Ih^liosfriiai^ 
‘"‘'TKe“slnhg7e*presenfaltlbh7>f  anThfelpFtlr®  , 

*“  ThTsTrrhgTepfesenfatibn^f1[fieTh!egercbWesp^^^ 

TKe“sTiTrig  Tepfe¥ehfal1biTbf  the  hame  ispel^^ 

“iTfi'eTsfrihg  rejpfesentalTolvoflhesbffwa^^^ 


Attribute/Parameter  Lexicons 


Class/Interaction 


FedeTaieUdokafteir* 
Fe’deraleTime 
TimeConsfrair^^^ 
Ti'meReguTating  I 

FIFaiengtfi"*'"** - “1 

TS’OTengtFi  j 

O^^eFlFDasyrri 
TolialUBJe^ou^^^ 
Hoiairi^ok^sOBlt 
n'eTetedOHjecTCTou 

1 

NumFarari^  | 
Fecleraitron  Felfl^rallonNfame  *1 

F^eriiiioniSitaie  f 
FederaiesIfnFederatT 
lS;aversB^dulecr''’'T 
IScfi^T^SaveTn^ 
inivSfiTdn  j 

CBangeCycleT[me"“7Dlrec^^  [ 

CycleCRarige - ^ 

C*61fist‘rici[BfdncTiT6]esT 


CBFripCpeTirne" 


inssDTsfressTrans"’"  p02 

rocatTon 

pCU2Tiss“Grp“~ 

whIcfiPrdb - 

D'ecreaseReadB'tri^^  AffToun! 


TncreaseReaRSFokeTArnoun 
RBirdR’eVdliJmeBecn 
R’S’lrdkeVoruTneTn^^^^ 
CfiemP'RP'arasym^ 

[DecreasernHR*’ 

OTemPHSympTrans 

^TncfeaselriSV*- 


A’mounf 


Arfidunf 


Amount 


ReTaxTransA 


RelaxTransB 


CdnfracfTransA 


’CdnFactTransH’  “i  Amount 

’ContrdctD1aph7agrn'‘TAri^^^ 


CbWacfVnternalTnIer  I  Aniou  m 


C'dnfracfFxternalTnt'erAr^^^ 

ConfracfAdddminaTslArnoufi! 


Rela'xABdoi^naTs  jAmdunr* 


RelaxlnternaTInlercdlArn^ 

RelaxExtemannlercqAr^^^ 

I  ReTaxDIapfiragnT  jArfrounF*' 

[ParasymHeaiWaferiAmdu^^ 


Definition 


string  representation  or  tne  integer  correpsonaing  to  me  vaiu 
TEe  sfrlng  re'presentatTdndf’'a"dduBleTfiaf 
■  THe's'fnng  representation  of TddubTe 
‘  Th“e  cfiaraHer  represenfaf  10 
’  Tfi’e’cfi’araHerreprese‘nfatidn“dfan’lnf^^ 

“Tfi’e’stfing’representafidn  of  anlnfej^ltli’af  s^ 

THdstfmg  re*p7esenfafidn  df  anTnfegertfi’afsp 
"  THe  stnhg  representafibn  of  ffie  BoofeS^ 

*  The  stfmg  representation  of  an7ntegef7Baf  s‘pe’ 
‘lTBe’string'‘rb‘pfes‘ent‘ati61n~df  anTnfeg 
^iTBe  string  fe’presentatibn  of  an  InFel^  tBaT  spec 
iThe  stnng  re'presentatibn  bf  anlntegeR’Kaf  act^^^ 

'  The  sifmg  representation  of  an 
“The  sinhg  name 
“The"strrng’reipresehtatibhbf‘the"lnteg^ 
fTh'e^sfrihg  re’presehtatidhbflheThfegfal’hu'm 
"iThestfrng  fe’presehtatibnbftheB’b^^ 
rThestfmg  re’pTesentatibn  df'thFdouW^ 
”TKe“sTfmgTepresentatibnbf’the  vereidh^mTmB 
“  The  aTrecti6h"TLU‘S'^'drT(/ITRQ5'*^'thecF^^ 

“  The7h¥hgeTh  se'cohbsof  7‘he 
Wai'uebf  chahge"Th'efFectlvebiameter  expresssedTn*^^^ 

“  The  actuaT  pO’2’ofthe*trss^  ih'bfistress 

“  ITngmatiohbT’thTaislfess  sTghaT^er^ 

“  ActuafpCUS  of  the ’tissW 

”  Btffhg  ThdicatThg’whethef  probTenrTis  ibvr02“hlgh'U^^ 

■"  'Waghifube  of  decrease 
"magnitude  of  the’fdfceloTbbtractidh  expressed*  a^^^ 

Wg'hlfude  of  the^deCTease ‘^measuredTin  pe^ 

“"md^ltudedffoTce'of  cohFactibri  expressea‘as¥‘^^^^^ 
‘"P*ercehtap‘*de*crease‘rh**stfok‘e*volL^ 

-  pefcehta'ge  decrease  Th’he^^^  ^*’  . 

Tpefcehtagemcfeas‘e’'ihTlR* 

“7per*cehtage‘ihcrease'ih“S‘trdke‘^^^ 
maghitude’Based’as  a'pefcehtaplJf'lf^^ 
*tMaghi!ude*6f‘feraxafibh**'expressed'as  aTp^^^ 

’’Titaghifude  ex’p7'essed‘asa**perceh 
**' Ktaghitude  *df  ODhtractidde^^^^  " 

'‘“maghifude’expressed'asdt’p’ercehta^  * 

""maghifude*expfessed’’as  a**pefcei^g^  ~~ 

"magnitude  dased‘‘asa"percen 
*‘Thaghltudeexp7esdedas‘alpercer^^ 

.magnitude  expressed  asa*pefceh^^ 

■“tPefcehtagedf‘‘relaxatid^  ’ 

“Tmaghitudeexpresseda^ 

"Tpefcehtage  ihafease'Th  present  heart  rate  t^^ 
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Class/Interaction 


ncreasenea 
D’ecreaseReartlR’afe* 
P'afasyml'ncrea^^ 

TncreaseRafe . 

D'ecreaseRsite”' 


DiTateArtery  jAii^unr*** 

CorislrTcfAWeiy’  I'Arriourir"” 

Reffirrn'oRorm^^ 


TfacFealmiantSens'T 


TfssDTsfr^W 


TTssDisfressg 


T(ssDTstressr 


rposorrissGfp”** 

IpCmomssGrp 


wTiTcTiProbTem 


pD2orrissGrp 


•OTcTiProblem 

lpCU2ofnssGrp 


p026fTiss6'rp 

ipCOrdfnssGrp 

wfiichProblem 


pOTdfrrssG'rp 


proSdfTTssGrp 


wfiicFiPrdbTem 


I 


Definition 


number  or  beais/min  to  increase  nean  rate 
nurnberdf  Beals’ to  decTeas  e* 
Pe’rcenta’ge*i’ncreaseln’R*e’art’lS*e*B’’eife'cra‘ref^^^^ 

’numb’‘er’’6rBeats’permmufeldTncrease*l^^^^  . 

nufnb'*er  dfB*eafs’’per  minute  to  decrease 
Percentage‘’de'creaseTrrart‘ei7diameferrrdm’'cud‘e^^ 
percenta’geBonslnction’ifiFativetd 


■paHiaTpressu’fe  oT’DlTvaTue’ir^^  of  the  sensor 

fhe'‘varue‘of‘iB’e’'padlarpress'ure  df’0‘2‘’as'measured*'by’th^ 


MagnituBelJTncfeaseln’BToodpr^^ 

STte’'ofre^H’’df'bloodlifes‘s^^^^^  ' 

MagnlSiHe’ofBlood’pressule'd  * 

Cdca¥6n”of‘tBeBrdod"^essu  ‘  ' 

PRyslralTdatio’n  oTtReaveolar  irrita'nf’sensdf-’i^^ 
Pb’ysr^ldca’tion’oT’lmtaB’rserisdr’-lsTnlb’e’P’eTO 


Ph’y^raTTdcafidn  of  the  irritant  sensor 
PhysTc^l'Idt^frdnof’tRe^rrritaht'sensdr 

Acfiral‘pCD‘2’’6ffissuelgrdu“^  “  ”  .  ”  ~ 

S‘trrhgspeafinglf‘tBe1Sss*ueBIsffes*s’‘!s"d‘u’elo**l*6^^ 
AcfuaTp(J2’’oresdpR^ 

S’fnhg'ihdrcatTng"^icFns  ’fh’'e*proBTe^^^  dr  Both 

A’ctuarpR:iD‘2''6rtR‘e‘esdp’Re§ea^^  “ 


■Adfual**pG‘0‘2’*onB^^ 

S‘trrhglhai*caBhgTfTow’oxygeh7hip“cafbdh^^ 


‘AcfuaTpG2*'dftBeBBddminaTvi^^  group 

AcfuarpCU2‘*df’abddmTnarvisce^^^ 
S*trrnglhdrcatThg’TrprdBTemls'ldw*D*27B^^h^ 


AcfuarpO’2’‘drthe  tissue  gro'up  thatTs’served’by’the’Tnter  illiac  artery 


AcfiBrpG*0’2’’6f‘tB’e  tissue ’gfollp’th’a^^  By  the  internaT  miac  aner 

Sfri’nglndrcaUhg’prdBIemlb^ 

AcfuaTl>10'2’’drffi'eTd^1 

Acfi]il‘pCO’2‘‘drth*elow^  .  . 

S’ti’hglndicatTngTprcBlelh‘ls‘hi§h’’’CD’27 
Th’eacfuar’paHiar*pr^su*h§’*dfoxygenTn‘tFe'h¥a37 
A’cfual’pC’0'2‘o’fB’eadrhecl<7a^^  ’  ’ 


S'trrng  Indi’catThg’irprdBTem ’is  Tow  or  both 

A’ctuaTpO’2‘’dfthe’*upperirmb  “  * 

“S’tri'ngTndrcatThg'TrprdBFem’IshTg^^  ~~ 

Ac{uarpC’0'2“6f’tB‘elJpper*lTmB”fissu  . 

Th’etracfiea’’rrntaht'sehsdf‘islBtivatedrTf’cah 

TBeTeverdf’the'’imtating‘paiBa]laf^^^^ 

The  Imtanrsens67irrtFii*’rarynxte  activ^^ 
The‘leverof‘tfie‘*pahiaila‘feTmtah^^ 

ThdbYohchla  Tiritant  sens’or  is  acti^te'd  * 

ll^evel’dTtfie’paHrculaTeTrfTtahBTiig^ 


Attribute/Parameter  Lexicons 


Class/Interaction  1  Term 


AvelActis  I  urnun 

Levelofl'mfanf 

'AcfmTnATBuf . .  .'Dosage 

Imm^ia'cyofEffecr"' 
Target'S'ysfem" 
■PotUeveToflhjuiy 
TcfentifyPrdfil'e  ^ 
■S’'m6'ReS'ff^’eamlS'trfn‘’‘’'-‘D’u^^^^ 

perC'0'2"*“ . — 

■pefO'2' 

pefCD' . 

TafeniftyP'rofil'e’": - 

PolTeveTdfTnjury 

'perO’tRerrnef^ 

TafipiSyi^ern 

TmmeSiacyofEffect 

Va'pd’rC'lo'uS'S'tTnri' D'uratrdn 

C’dncenFa'trdn 
Tmrn^iacydfEffecf" 
TargetlSysfem 
PolUeveTdfThjuTy 
TdentifyPfdfire 

iviuiiuAiueoudi  I'Amou’nf  | 

[D'ufafTo’n 

iTmmeaiacyofPffe^ 

[TcfenlifyPrdfile - 

[PolUeveTdfThjury 
Ta’rgellS'ysfem 
'fPartTcTes 
D'ura?[6iT 

TmmeSiacyotHffe^''* 
PolUeveTdfThjury 
TdehtTtyPfdfire 
TargetS’ysferh  j 

Ad'rriThM'efh'a . 'Dosage  1 

TrTi'me3la'cydfEffecr''l 
PdiUeveldfTr^ufy  | 

’Tdehb'fyPfdflTe  1 

“Tafpt^ysiferh  I 

Fecle'raite' . . . ''''I'FrdmFe'd'era't'e  ] 

Al'erfSeventy  1 

WenTe^ - ■! 

ATerilD  ] 

‘SeiviceL’dg  'SeiviceKla'me  | 

’'S'ervTcernitratdr  | 

'S'en/iceL'og'Argum^^^  “*^1 

nts  iHandle^  "  “I 


Mdhoxld'eS'tTffi 


PaHTcTeDToudS'ti'm 


Definition 


The  sensor  state  is  now  aciivaiea. 
■TiTe'Iever'dflrnta'nf'TiittTh'glh''e''sensdn‘liTgHrn^^^^ 

'  A'rri'duht'  .  . 

'’H6w''fast‘’acti'ng‘*asfi'm'^^  . 

'  Th’e 'reapUeh’fsyi'fe  . . . . 

■Pdt'ehlTal'Teve['dfHar'nrfrdm'*s'tTfhijru's;''m'ay  5'e 
■'l3‘ehfiTy'’6f‘fhe'*s'lTmuTus'vis’*-''‘a-vTs'tM 

“Uehg'{h''dT'tlme1h'e'sm'6ReWeam‘Ts''drfecTfy*BTdw^^^  ^ 

‘  perc'ehfage'dfC'02'in''Tn66‘mrng'sm'6i^^^^  “ 

‘  percerita'ge'*''6f  '0'2''Tn'sm6k^^^  . 

'  percehfa'g'e’'df CO' m  . . 

’lfi’e‘i'd'enfily'prdfiTe''6T'l[h'e'sm6'R'e‘slream'’vTs- 

'  Pdfe'hTia'nev'erdf  Thju'iy  . .  '**”* 

''peTcen'fage''of'6tU'er'‘i'he'rTgas'es''Tn'lU'e's''iTi'd'Re 
'  PTTysioTdgic^’sys'tem 
*  iqfowTdngTffaReslh'e  slTm^^ 

'  Uehg'fB'drtTnie''ffie‘'tdxic  ^'pr- 
'  T|fe“cdh'den{ra'lTdh'^  , 

'  FdwTdhgTffak'esTdrfhe  s 
'  ThTiiTipacTed'‘p‘h'ysr6r6gT 

■  ThTpdfenfialTevel'of 'haf^^ 

'’SMuiridehlTfica’frdn  wTtU''i^pecf't6''acUivi^^ 
■TfTeamo''uh'rofcarB6h’mohdxia'e'tB'afTs''rh'p'uT;^^^ 
Teiiffi''6f'irme'lHaf'th'‘e‘*sb^^ 

”  iq[ow''quicldylBe  ¥timuTh‘a 
”  TFre'‘prdfne'''dnh‘e''sb1ihuTi‘ wTfhTes^^^^^ 

”Th*'e'’pot'entiaTlever‘dflhjdify 
‘nTre**pRysidT6gi*caI'sys'l*em’wfTic^^ 

‘TKe  ave*fage‘sTzeof'lRe‘'parBcTes‘rn‘tU‘e 'pa'dlcTe'cTusTefr^^^ 
;rehgtU''df'llmelKestTmulTT^^ 

^'TOw'q'mdRTy'tfie’stimu 

■■  Th*e’’pldenfia1'of 'Rarm'fd'^  . 

'  Wh''61Be  stlrh'uli''is''wTffi''fesp'ecr^^^  . 

Th‘'e‘'pRsT6'Idgrcarsys'f  em ''aifect^^^^ 

"  A'mduht'"""'  !  ‘  ' 

'Row'‘fasrac'trng‘*ffie''s'tr™ 
■Pdfe'hlTa1Tevef''dfU'afmTm^~B*e'mulTi'pre'lev'elsrdepehdTng''d'hT^ 
■'Th‘‘e''id'ehB^’df'tfi'e's'trmu'lT'^s^a-vTs'tB'e''re^^ 

■  TFTe'sysTern ‘of ‘lHe’'Body‘*(l%Trsl^ 

“  Tfie  ■st‘n‘n^rep'resen'tatTdrrdftfi‘e''rnt'eg‘fal‘vu^ 

'"  Tfiesinng'repfesdnfalTdn ‘of  tfie 
‘Tfi'e'sfnng'ifepresenfal’idn'b'f ‘tfi‘e'‘s‘enal‘'n‘um^ 

^  Tliesf rrhg'meilFdaTiaifhe  of ’’tfie''servi^ 
'TFe'sfrrng'represenifaridinHe’imtTafdfdf't'li^ 

'  T5ffeai^n^s''de‘pendehU  bh  sei^Fce''rh'voke^  represent 

“‘Nreanmg'is'aepe‘naenrons‘eni^ice‘lnvdRea'r''P‘a‘ram^^ 
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Attribute/Parameter  Lexicons 


Ctass/Interaction 

Term 

Definition 

Handleset 

Meaning  is  dependent  on  service  invoked.  Parameter  is  represent 

DBjecimofCounr" 

Meaning  Is  “dependent  ori  semce  Invoked.  Parameter  is  represent 

TagOrOBerOfNam' 

Meaning  Is  'dependent  dri  service  Invoked.  Parameter  is  fepres'ent 

Trrfie - - 

THe  'string  represeniatlon  of  ffie  time  provided  to  tfi'e  service  I'nvok 

Hnumeratibn 

M'eanirig  Is  dependent  dri  'service  Trivdked.  Parameter  Is  represent 

OliijectTnfofmation 

Boolean 

OBjeclTD' - - - - 

M'eanirig  Is  'dependent  dri  service  Invoked.  Parameter  Is  repres'ent 
Tfie  string  representation  of  th*e  OBJectlD  tBaf  tftls  inferactldn  Id  re 

LocKedAttnButes”’* 
RegisteredCras’s 
RepresenfedfC  lass 

TBe  sifnng  repfeseriiatiori  of  ffie  aff  rifiiif  es  tfiaf  are  owneB  By  a  fed 
TBe'st'nng  representation  dffhe  cia's'sTh'at  was  registered  By  tfie  re 
TfielTtrfngl-epfesenfation  of  tfie  cfass  ffiat  was  aiscovefeil  By  ffie  f 

P’uB  I  IS  HmgCTass 

OBjecfClass - 

Tfie  string  fepresentatidri  'dftfie  oBject  class  arid  attrlB'ufes  puB'IIsfi 

S'uBscriBmgCr^^^^ 

InteractroriCTass 

OBjectCTass 

Tfie  s’frmg  representatidn  of  tfie'  Interact idri  cl'as's  Handle.  Tfie  for 
Tfie  sfn*ng7eFresen‘fatIdn'‘dftfie“dBJect  class' a^^^ 

InieractronClass 

Tfie  string  representatidn  of  the  interaction  class  fiaridle.  iTfie  for 

Action 

ToFeBerafe 

The  string  representation  of  tfie  federate  s  fiandle  that  the  interacti 

S’etTiming 

FeaiRipoifflPenocr"1 

Ti'meReportPen6<3 

Tfie  string  fe'preseniatTdn  ofTfie  Intege'r  that  Is  tfie  nurfiber  of  seco 
Tfie'st'nng  representation  of  tfie  Integer  tfiat  is  tfie  'number  of  seed 

mquesIDBIecitnfor 

OBjectReportPerlo 

OBjecfltC™"" 

Tfie  st'ring  representation  dftfie  Irifegef  tfiat  is  t fi'e  fiiimB'er  of  's'ecdn 
Tfie 'string  represenlatid'n'dfthe  O'bjec'tID  tfiat  mfdfmatidn  is  Being  : 

WoHifyAffriButeSfai 

OBjeciW - 

Tfie  stri'ng  represefitatldn  dftfie  object  wfidse  attriBute  token  statu ; 

e 

AttribufelD’ 
ToRenSfafe""  “ 

Tfie  string  representatidn  of  tfie  attriBiite  'wfidse  Insfaricdd  tdleK'fi'  i 
Tfi'dst'rlngyeF^sentatidn'drffi'elnteg’faT'valu'e'd'f 

DoResignFecteratio 

ResigriA’ctron 

^Tfie  string  representatidn  6T tfreln't'egral  value  of  tfieTIiiResignAct; 

doDeleleOBJecf — 

OBiectlD' - - 

"Tfie  string  fepresenlafidn  of  tfie  object  ID  to  ‘use  as  an  argume’fit  td; 

rrme -  ‘ 

Tfie  sfnng  representatidn  of  tfie  fed'eratld'ri  td  use  as  'an  'afgurfi'en^  t 

Tag" . . . . 

1 - — **  - 

Tfie  siring  td  use  as  an  argumefil  td  tfie  delete'OBj'ect  seivice. 

D’oS'efTi‘meC'6^^^^^  - [Tfie  "stringTeFresintatTon 

Control - - ISefSei^iceLoggTnglTh'e’strrr^^^ 

ITfie  string  representaT 


rSetLbgFile . 

iOeTefeOEijecr 


m^ueu^lFO" 


“iTfiesIfringrepresirritatidn^^^^ 
“iTHestrmgrepresentatron  o 
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